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{57) ABSTRACT

leulizumab, a humanized monoclonal antibody against €5
that inhibits terminal complement activation. showed activ-
ity in a preliminary 12-week open-label trial in a small
cohort of patients with paroxysmal nocturnal hemoglobinu-
ria (PNII). “The present study examined whether chronic
ceulizumab therapy could reduce intravascular hemolysis,
stabilize hemoglobin levels, reduce transfusion require-
ments, and improve quality of life in a double-blind, ran-
domized, placebo-controlled, multi-center global Phase II1
trial. I has been found (hat ceulizumab stabilized hemoglo-
bin levels. decreased the need lor transfusions. and
improved quality of life in PNH patients via reduced intra-
vascular hemolysis. Chronic eculizumab treatment appears
to be a sate and eftective therapy for PNH.
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1
TREATMENT OF PAROXYSMAL
NOCTURNAL HEMOGLORBINURIA
PATIENTS BY AN INHIBITOR OF
COMPLEMENT

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a conlinuation ol ULS. patent applica-
tion Ser. No. 15/284.015, filed QOct. 3, 2016, which is a
continuation of 1.5, patent application Ser. No. 15/260,888,
filed Sep. 9, 2016, which is a continvation of U.S. patent
application Ser. No. 13/148,839, filed May 6, 2016, which is
4 conlinuation of U8, patent application Scr. No. 13/426.
973, filed Mar. 22, 2012, which is a continualion ol 1.8,
patent application Scr. No. 12/225.040. filed on May 13.
2009, which is a 35 US.C. 371 national stage filing of
International Application No. PCT/UIS2007/006606, filed
Mar. 13, 2007, The contents of the aforementioned applica-
Lions are herchy incorporated by reference in their enltireties.

SEQUENCE LISTING

The instant application contains a Sequence Listing which
has been submitled electronically in ASCH format and s
hereby incorporated by reference in ity entirely. Said ASCII
copy, crealed on Jul. 5, 2017, is  named

AXT 114BUSCNS_SL.o and 15 10,376 bytes in size.

BACKGROUND

Paroxysmal noclumal hemoglobinuria (PNI is an
acquired hematologic disease that results from clonal expan-

sion of hematopoietic stem cells with somatic mutations in -~

the X-linked gene called PIG-A. "2 Mutations in PIG-A lead
o an carly block in the synthesis of glycosylphosphali-
dylinositol ((GPD-anchors, which are required o tether many
proteing o the cell surlace. Consequently. PNIT blood cells
have a partial (tvpe II) or complete (type 11I) deficiency of
GPl-anchored proteins.

Iniravasular hemolysis is 2 prominent [eature of PN and
a direet resull ol the absence ol the GPl-anchored comple-
menl regulalory protein CDSY? Under nommal circum-
stances, CD39 blocks the formation of the terminal comple-
ment complex (also called the membrane attack complex) on
the cell surtace, thereby preventing ervihrocyte lvsis and
platelel aclivation.3-8 ixcessive or persistent intravascular

hemolysis in PNIL patients not only resulls in anemia s

(normal ranges of hemoglobin are 14-18 g/dl. lor men and
12-16 o/dL for women, and persons with lower levels are
considered to be anemic), but also hemoglobinura and
clinical sequelac related to the release of the erythrocyle

contenls inlo the circulation: faligue, thrombosis, abdominal - s:

pail, dvsphagia, erectile dysfunction, and pulmonary hvper-
tension, ™ **1** Indeed, impaired quality of lite in PNH is
disproportionate to the degree of anemia. Many PNH
patients depend on blood translusions (o maintain adequale
erythrocyle hemoglobin levels. There have been no thera-
ples that effectively reduce intravascular hemolysis and
wprove the associated clinical morbidities in PNH.
lculizwmab is a humanized monoclonal antibody direeted
against the terminal complement protein C5.' In a prelimi-
nary, 12-week. open-label clinical study in 11 PNIT patients.
eculizumab was shown 1o reduce intravascular hemolysis
and transfusion requirements.'? However, this unblinded
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study involved a small number of patients with no control
arm and without protocol-driven translusion standards.

SUMMARY

The present pivotal, phase III study, Transtusion Redue-
tion 1illicacy and Salety Clinical Investigation, Randomived,
Multi-Center.  Double-13lind, Placebo-Controlled,  Using
Beulizumab in Paroxysmal Nocturnal Hemoglobinuria
(TRIUMPH), evaluated the effect of eculizumab on the
stabilization of hemoglobin levels and transfusion require-
ments during 6 months ol treatment in a cohort of 87
trans [usion-dependent PNIT patients. Measures ol intravas-
cular hemolysis and quality of life were also assessed. This

3 is the first placebo controlled study of a PNH patient

population 1o control hemolysis and (o dillerentiate belween
the ellects due lo hemolysis and (he effects due 1o ancmia.

I has been surprisingly discovered that certain aspects of
quality of life were vnexpectedly inproved by the treatment

20 of PNH patients with eculizumab. Furthermore, these

improvements in the quality of lile were independent of
translusion. The improved aspecis nclude. c.g. global
health status, physical functioning, emotional fonetioning,
cognitive functioning, role functioning, social fonetioning,
tatigue, pain, dyspnea, appetite loss and insomnia. Improve-
menl was also scen in nausca and vomiling, diarrhea,
constipation, and [inancial difficultics but did not reach the
level of statistical significance. Because the treated patients
remained anemic thronghout their treatment, it was nnex-
pecled that all of these improvements would have been seen
because they woere previously thought o be a result ol the
patient being anemic. Although not wishing to be bound by
any theory, it appears that some of the syiuptoms are likely
due, at least in part, 10 hemolvsis and release of hemoglobin
inter the bloodstream and do not result solely rom the patient
being anemic. The trealment with ceulizumab decreases the
amount of lysis therehy limiting hemoglobin release into the
bloodstream, thereby apparently resulting in the inprove-
ments seen in the treated patients” quality of life. The results
presented herein indicate that any treatment that decreases
hemolysis noa patient will resull in an improvement in the
quality of life of said patient.

In certain aspects, the application provides a method to
improve at least one aspect of the quality of lite of a patient
sullering [rom paroxysmal noclumal hemoglobinuria. said
method comprising adminisiering o sald patient in need
thereof a compound which inhibits complement or inhibits
tormation of C5b-9.

In certain aspeets. (he application provides a method o
improve at least one aspect of the quality ol life ol a patient
sullering [rom paroxysmal noclumal hemoglobinuria. said
method comprising administering to said patient in need
thereof a compound which inhibits intravascular hemolysis.
In certain embodiments. said method resulis in a greater than
30% reduction in 1D in said patient.

In certain aspects, the application provides a method to
improve at least one aspect of the quality of life of an anemic
patient whose anemia results at least in part from hemaolysis,
said method comprising administering Lo said patient in need
thereo! a compound which inhibits Intravascular hemolysis,
wherein said patient remains apemic. In certain embodi-
ments, said method results in a greater than 30% reduction
in LI in said patient.

In certain aspects. the application provides a method of
prolonging the health-adjusted lile expectancy ol a patient
comprising administering to said patient in need thereof a
compound which inhibits formation of C3b-9. In certain
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embodiments, said patient is anemic. In certain embodi-
ments. said patient remaing anemic [ollowing reatment. In
cerlain embodiments. said patient has a hemoglobin level
less than 1) 14 g/dl. il a man or i) 12 gidl. il a woman. In
certain embodiments, said patient has a hemoglobin level
less than 1) 13 g/dL if a man or 1) 11 g/dL if a woman. In
cerlain embodiments. said patient has a hemoglobin level
less than 13 12 g/dl. il a man or i) 10 gidl. il a woman. In
certain embodiments, said patient sufters from paroxysmal
nocturnal hemoglobinuria.

In certain aspects, the application provides a pharmaceu-
tical composition comprising an antibody that binds €5 or
an aclive anlibody [ragment thereol. In certain embodi-
ments, the antibody that binds C5 or an active antibody
fragment thereot is eculizumab. In certain embodiments, the
anlibody that binds 'S or an aclive anlibody [ragment
thereol is pexclizumab. In cerlain cmbodiments. the phar-
maceutical [ormulations ol the application may be admin-
istered 10 a subject, particularly a subject having PNH.

In certain aspects, the application provides a method of
treating a patient sullering [rom  paroxysmal noclumal
hemoglobinuria by administering a pharmaceutical compo-
sition comprising an antibody that binds C5 or an active
antibody fragment thereof. In certsin embodiments, the
antibody that binds C3 or an active antibody fragment
thereo! is ceulizumab. In cerlain embodiments, the antibody
that binds C5 or an active antibody [ragment thercol is
pexelizumab. In certain embodiments, the pharmaceutical
formulations of the application may be administered to a
subject, particularly a subject having PNIL

In cerlain aspects, the application provides kils compris-
ing a pharmaceutical composition of the application. In
some embodinents, the kit further comprises at least one
component of a closed sterile system. Components of the

closed sterile system include, but are not limited Lo, needles. 3

syringes. catheter based syringes. needle based injection
devices, needle-less injection devices, (illers. lubing. valves
and cannulas. In a related embodiment, the kit comprise
components for the removal of a preservative from the
composilion. Such components include fillers. syringes.
vials. conlainers, lubing, cle.

In certain embodiments, said quality of life is measured
by a FACIT-Fatigue score. In certain embodiments, the
FACTT-Fatigue score increases by at least 3 points. [n certain
embodiments, the FACTI-Fatigue score increases by =4
points.

In certain embodiments, said quality of life is measured
by an EORTC QLQ-C30 score. In certain embodiments, said
FORTC QI .Q-C"30 score improves by =10% ol the pretreat-

ment score. In certain embodiments, said aspeel ol the s

quality ol lile as measured by an BORTC QLQ-C30 score is
selected from the group consisting of a) global health status,
) physical fonetioning, ¢) emotional functioning, d) cog-
nitive lunctioning, ¢) role lunctioning, N social lunclioning.

g} [atigue. h) pain, 1) dyspnea. ) appetile loss, and k) s

mgomnia. n certain embodiments, said aspect of quality of
life 1s fatigue.

In certain embodiments, said compound is selected from
the group consisting ol CRT. 1L1X-CR1, MCP, DAL CDSY.
I'actor 1. cobra venom [actor, FUT-175, complestalin. and
K76 COOH. In certain embodiments, said compound is a
steroid that suppresses complement.

In certain embodiments. sald compound is selected [rom
the group consisting ol antibodics, aclive antibody [rag-
ments. soluble complement inhibilory compounds, proleins.
soluble complement inhibitors with a lipid tail, protein
fragments, peptides, small organic compounds, RNA aptam-
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ers, L-RNA aptamers, spiegelmers, antisense compounds,
serine prolease inhibilors. double stranded RNA, small
interlering RNAL locked nucleic acid inhibitors. and peplide
nucleic acid inhibitors. In cerlain embodimenis, said com-
pound is an antibody or an active antibody fragment. In
certain embodiments, said antibody or active antibody frag-
ment is selected from the group consisting of aj polyclonal
antibodies. ) monoclonal antibodies. ¢) single chain anti-
bodics. d) chimeric antibodics, ¢) humanirzed antibodics. [
liabs, g) Flabls. h)y Li{abT.s, 1) livs. ] diabodics, and k)
human antibodies.

In certain embodiments, said antibody or an active anti-
body trapgment thereof binds C5. In certain embodiments,
said antibody or active antibody [ragment blocks C3 cleav-
age. In cerlain embodiments. said antibody or aclive anti-
body [ragment inhibits the lormation of ("5h-9. In cerlain
embodiments, said antibody is eculizumab. In certain
embodiments, said antibody or active antibody fragment is

25 administered for at least & months. In certain embodiments,

said patient has aplastic anemia or myclodysplastic syn-
drome.

In certain embodiments, said antibody that binds C5 or an
active antibody fragment thereot’ is administered in a single
vuit dosage form. In certain embodiments, the single vnit
dosage form is a 300 mg unil dosage lorm. In cerlain
cmbodiments. the single unit dosage form is lyophilized. In
certain embodiments, the single unit dosage form is a sterile
solution. In certain embodiments, the single uwnit dosage
form is a preservalive [ree [ormulation. In certain embodi-
ments, the 300 my single-use dosage lorm comprises 30 ml
ol a 10 mg/ml sterile. preservative [ree solution.

In certain embodiments, the antibody that binds C3 or an
active antibody fragment thereot comprises an altered con-
stant region. wherein said antibody or antigen-binding lrag-
ment exhibits decreased effecior Tunction relative 10 an
anti-CDCPL antibody with a nalive constant region. In
certain embodiments, decreased effector tunetion comprises
ole or more properties of the following group: a) decreased
antibody-dependent  cell-mediated  eylotoxicity  (ADCC,
and b) decreased complement  dependent  cyloloxicily
(CDC), compared o an anti-CDCP1 antibody with a native
constant region. In certain embodiments, the altered constant
region comprises a G2/G4 construct in place of the Gl
domain.

In certain embodiments, the antibody (hat binds (5 or an
active antibody tragment thereof comprises a heavy chain
variable region and a light chain variable region, wherein the
heavy chain variable region comprises one or more CDR
regions having an amine acid sequence selecied [rom the
group consisting of 81 113 NO:5. 810 113 N6, or 81i()
1D NCx7, and wherein the light chain variable region com-
prises one or more CDR regions having an amino acid
sequence selected [rom the group consisting ol 8EQ 1D
NCER, SEQ 11 N9 or SEQ 1D NO: L0 In cerlain embodi-
ments, the antibody that binds C5 or an active antibody
fragment thereof comprises a heavy chain variable region
and a light chain variable region, wherein the heavy chain
varigble regiom comsisls of S1Q 11D NO: 1 and the light chain
variable region consisls ol SHQ) 113 NO: 3. In cerlain
embodiments, the pharmaceutical composition comprises
eculizumab. In certain embodiments, the pharmaceutical
composilion comprises pexclizumab. In certain embaodi-
ments, the antibody that binds C5 or an aclive antibody
fragment thereol comprises a heavy chain and a light chain,
wherein the heavy chain consists of SEQ ID NO»: 2 and the
light chain consists of SEQ ID NO: 4,
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In certain embodiments, said patient is anemic. In certain
embodiments, said patient remains anemic [ollowing treat-
ment. In certain embodiments, said patient has a hemoglobin
level less than i) 14 g/dl 10a man or 1) 12 g/dl. il a woman.
In certain embodiments, said patient has a hemoglobin level
less than 1) 13 g/dL if a man or 1) 11 g/dL if a woman. In
certain embodiments, said patient has a hemoglobin level
less than 1) 12 g/dl il a man or 1i) 10 g/dl. il a woman.

In cerlain embodiments, said health-adjusted life expoc-
laney 1 measured according o a unit sclecled [rom the
group consisting of Years of potential life lost, Disability-
free lite expectancy, Health-adjusted life vear, Quality
adjusted life year, Healthy vears equivalents, Healthy davs
gained, lpisode-lree day, Q- IWiS'1L Health Utilities Index.
or Years of healthy lile.

In certain cmbodiments. the health-adjusted lile expoc-
tancy in a subject is prolonged by at least one day. In certain
embodiments, the health-adjusted life expectancy in a sub-
ject is prolonged by at least week. [n certain embodiments,
the health-adjusted life expeclancy in a subjoct is prolonged
by at least one month. In certain embodimenis, the health-
adjusied life expeclancy in a subject is prolonged by at least
one vear.

In certain embodiments, the pharmaceutical composition
is in a single unit dosage form. In certain ecmbodiments. the
single unit dosage lorm is a 300 mg unit dosage form. In
cerlain embodiments, the pharmaceutical composition is
Ivophilized. In certain embodiments, the pharmaceutical

composition is a sterile solution. In certain embodiments, the -

pharmaccutical composilion is a preservalive lree lormula-
tion. In cerlain embodiments. the pharmaceutical composi-
tion compriscs 2 300 mg single-use lormulation ol 30 ml ol
a 10 mg/ml sterile, preservative free solution. In certain

embodiments, the pharmaceutical composition comprises an -+

anlibody that binds 'S or an aclive anlibody [ragment
thereal.

BRIEF DESCRIPTION OF THE FIGURES

IFIGE. 1A-13 show that ceulizumab treatment decreases
intravascular hemolysis and increases PNIT type 11 eryth-
roevtes. FIG. 1A shows the degree of intravascular hemoly-
sis in PNH patients, demonsirated by mean lactate dehydro-
genase (LD levels. DG 113 shows the mean proportion ol
PNIT type 11 erythrocyles asscssed [or placebo- and ceuli-
zumab-treated patients.

FIG. 2 shows the effect of eculizumab treatment on
transtusion requirements in PNH patients. This is a Kaplan-

Mcicr plot of time (o [irst transfusion [or cculizumab- and 5

placebo-treated patients rom baseline through weck 26. The
P value is trom the log rank analysis.

FIG. 3 shows the effect of eculizumab on fatigue assessed
by the FACT-latigue Instrument. Quality ol Lile scores

wore assessed using the lunctional Assessment of Chronic &

[Mness Therapy-latigue (PACT -l atigue) instrument. Values
for change from baseline to 26 weeks represent least-square
means. A positive change indicates an improvement and a
negalive change indicates deterioration in the PAC=la-
ligue measurcs ol quality ol life.

DETAILED DESCRIPTION
I. Delinitions

The term “derived trom™ means “obtained from"™ or
“produced by” or “descending from™.
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The terin “genetically altered antibodies™ means antibod-
ics wherein the amine acid sequence has been varied [rom
that of a native antibody. 3ecause ol the relevance of
recombinant 1INA techniques (o this application, one need
not be confined to the sequences of amino acids found in
natural antibodies; antibodies can be redesigned 1o obtain
desired characteristics. The possible varialions are many and
range [rom the changing of just one or a lew amino acids 1o
the complete redesign of, for example, the variable or

7 constant region. Changes in the constant region will, in

general, be made in order to improve or alter characteristics,
such as complement [ixation. inleraction with membranes
and other ellector [unctions. Changes in the variable region
will be made in order 1o improve the antigen binding
characteristics.

The term “an antigen-binding fragment of an antibody™
relers o any portion of an antibody that retains the binding
utility o the anligen. An exemplary antigen-binding [rag-
ment of an antibody is the heavy chain and/or light chain
CDR, or the heavy and/or light chain variable region.

The term “homologous,” in the context of two nucleic
acids or polypeptides refers o lwo or more sequences or
subscquences thal have at least aboul 5%, al Teast 0%, al
least 95%, or higher nueleotide or amino acid residue
identity, when compared and aligned for maximum corre-
spomdence. as measured using the [ollowing sequence com-
parison moethod andfor by visual inspection. In cerlain
embodiments, the “homolog™ exists over a region of the
sequences that is about 30 residves in length, at least about
100 residues, at least about 150 residues, or over the tull
lengih ol the two sequences (o be compared.

Methods of determining percent identity are known in the
art. “Percent (%) sequence identity” with respect to a
specitied subject sequence, or a specified portion thereof,
may be defined as the percentage of nucleotides or amino
acids in the candidate derivative sequence identical with the
nucleolides or amino acids in the subjectl sequence {or
specitied portion thereof), after aligning the sequences and
introducing gaps, it necessary to achieve the maximum
pereent sequence identity. as generaled by the program
WU-BLAST-2.0a19 (Altschul et al., I. Mol. 13iol. 215:403-
410 {1997 hitp:/blast.wustLedu/blast/RIIADMI L hitm-1)
with search parameters set 1o defavlt valves. The HSDP S and
HSP 52 parameters are dynamic valves and are established
by the program itsell depending upon the composition of the
particular sequence and composition of the particular data-
base against which the sequence of interest is Dbeing
searched. A “% identity valve” is determined by the number
of matching identical nucleotides or amino acids divided by
the sequence length Tor which the percent identity is heing
reported.

II. Overview

The present disclosure relates o a method ol trealing
paroxysmal nocturnal hemoglobinuria (“PNH™), more spe-
cifically 1o improving certain aspects of quality of life which
are impaired in PNH patients, and other hemolytic diseases
in mammals. Specilically. the methods of treating hemolylic
discases, which are deseribed herein. involve using com-
pounds which bind to or otherwise block the generation
and/or activity of one or more complement components. The
present methods have been [ound w0 provide surprising
resulls. or instance. hemolysis rapidly ceases upon admin-
istration of the compound which binds o or otherwise
blocks the generation and/or activity of one or more comple-
ment components, with hemoglobinuria being significantly
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reduced affer treatment. Also, hemolvtic patients can be
rendered less dependent on translfusions or translusion-
independent lor extended periods (welve months or more).
well beyond the 120 day life cyele of red blood cells. In
addition, type III red blood cell count can be increased
dramartically in the midst of other mechanisims of red blood
cell lysis (non-complement mediated and/or carlier comple-
ment component mediated e.g.. Cbh3). Another example ol a
surprising resull is thal symptoms resolved, indicating that
NO serum levels were increased enough even in the pres-
ence of other mechanisms of red blood cell lysis. These and
other resulls reporled herein are unexpected and could not be
predicted [rom prior treatments of hemolytic discases.

IIT. The Complement Svstem
The complement syslem. uselul complement inhibitors.

and use ol these inhibitors to treat PN and other patients
are more fully described in PCT Patent Application PCTY

US2005/0032235 filed Feb. 3, 2005 and published as Inter- 2

national Publication Number WO 2005/074607 A2 on Aug.
18, 2005, the contents ol which are incorporated herein by
reference in their entirety.

The complement system acts in conjunction with other
mmunalogical systems of the body to defend against intru-
sion ol cellular and viral pathogens. There are al least 23
complement proteins, which are lound as a complex collee-
tion of plasma proteins and membrane cotactors. The plasma
proteins make vp about 10% of the globuling in vertebrate

scrum. Complement components  achieve thelr immune 3

defensive lunctions by inleracling in a serics ol intricale but
precise enzymalic cleavage and membrane binding cvents.
The resulting complement cascade leads to the production of
produets with opsonic, inmunoregulatory, and lvtic fune-
Lions.

The complement cascade progresses via the classical
pathway or the allernative pathway. These pathways share
many components and, while they difter in their initial steps,
they converge and share the same “terminal complement™
components (C3 through C9) responsible [or the activation
and destruction ol largel cclls.

The classical complement pathway is typically initiated
by antibody recognition of and binding to an antigenic site
on a target cell. The alternative pathway is vsvally antibody
independent and can be initiated by certain molecules on
pathogen surfaces. Both pathways converge at the point
where complement component C3 is cleaved by an active
protease (which iz different in each pathway) 10 vield C3a
and ("3h. Other pathways activaling complement allack can

act later in the sequence of events leading (o various aspects =

ol complement unction.

C3ais an anaphylatoxin, C3b binds to bacterial and other
cells, as well as 1o certain viruses and inmune complexes,
and lags them lor removal [rom the cireulation. C3b in this

role is known as opsonin. The opsonic [unction of C3b is s

considered to be the most important anti-intective action of
the complement system. Patients with genetic lesions that
block C3b function are prone to infection by a broad variety
ol pathogenic organisms. while patients with lesions later in
the complement cascade sequence. 1.c.. patients with Tesions
that block C3 tunctions, are found to be more prone only to
Neisseria intection, and then only somewhat more prone
(licaron, 1983).

(3b also [orms a complex with other components unigue
Lo cach pathway o [orm classical or allernative C5 conver-
tase, which ¢leaves C5 into C3a and C35h. C3 is thus
regarded as the central protein in the complement reaction
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sequence since it is essential 10 both the alternative and
classical pathways (Wurvmer of al., 19915 This property of
(3b is regulaled by the serum protease lactor | which acts
ol C3b o produce 1C3b. While still functional as opsonin,
IC3b cannot form an active €5 convertase,

(5 s a 190 kIJa beta globulin found in normal scrum at
approximalely 75 pg/ml. (0.4 pM). 5 18 glycosylated. with
about 1.5-3 percent of its mass atiributed to carbohydrate.
Mature C35 is a heterodimer of a 99% amino acid 115 kDa
alpha chain that is disulfide linked 0 a 656 amino acid 73
kDabela chain. O3 is synthesized as a single chain precursor
protein product of a single copy gene (Haviland etal., 1991).
The ¢DNA sequence of the transcript of this gene predicts a
seercled pro-C3 precursor ol 1659 amino acids along with
an 18 amino acid leader sequence.

The pro-C3 precursor is cleaved atter amino acid 633 and
659, 1o vield the beta chain as an amino terminal fragment
{amino acid residues +1 10 635 and the alpha chain as a
carboxyl lerminal [ragment (amino acid residucs 660 1o
1658, with four amino acids deleted between the two.

C3a is cleaved from the alpha chain of C5 by either
alternative or classical (C5 comverlase as an amino lerminal
fragment comprising the (irst 74 amino acids ol the alpha
chain (i.e., amine acid residues 660-733). Approximately 20
percent of the 11 kDa mass of C3a is attributed 1o carbo-
hydrate. "The cleavage sile Tor convertase aclion 1s al or
immediately adjacent o amino acid residue 733, A com-
pound that would bind at or adjacent to this cleavage site
would have the potential 1o block aceess of the T3 conver-
lase enzymes o the cleavage site and thereby acl as a
complement inhibitor.

C5 can also be activated by means other than C3 conver-
tase activity. Limited trypsin digestion (Minta and Man,
1977 Wetsel and Kolb, 1982) and acid treatment {Yama-
molo and Gewurr, 1978 Vogl ol al., 1989) can also cleave
C5 and produce active C3h.

C'5a is another anaphylatoxin, C5b combines with C6, C7,
and C8 o form the C5b-8 complex al the surlace ol the
target cell. Upon binding ol several €9 molecules. the
membrane attack complex (MAC, C5b-9, terminal comple-
ment complex-TCC) is formed. When sufficient numbers of
MACs inserl into targel cell membranes the openings they
create (MAC pores) mediate rapid osmolic lysis ol the target
cells. Lower, non-lvtic concentrations of MACs can produce
other effects. In particular, membrane insertion of small
numbers ol the C3b-9 complexes inlo endothelial cells and
platelets can cause deleterious ecll activation. In some cases
activation may precede cell lvsis.

As mentioned above, C3a and C5a are anaphylatoxins.
These activated complement components can trigger masl
cell degranulation. which releases histamine and  other
mediators of inflammation, resulting in smooth muscle
contraction, inereased vascular permeability, leukocyte acti-
valion, and other inflammatory phenomena including cellu-
lar proliferation resulting in hypereellularity. (C5a also [unc-
tions as a chemotactic peptide that serves 1o attract pro-
inflammatory  granulocvtes 1o the site of complement
activation.

The benelicial ellect ol anti-C8 mAb has previously been
reported in several experimental models including myvocar-
dial reperfusion (Vakeva et al., 1998), systemic lupus ery-
thematosus (Wang ot al. 1996) and rheumatoid arthritis
{(Wang el al, 1995} as well as in human clinical trials
(Kirschfink, 2001) of avtoimmune disease, cardiopulmonary
bypass and acute myvocardial intarction.

IV Measures of Quality of Lile

Various measurements exist 1o assess quality of lite and
the effect of medical interventions on quality of lite for
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example the Mini-Mental State Examination (MMSE), the

Short Test ol Mental Status, the Huropean Organization for
Rescarch and "Treatment of Cancer (BORTC Quality of |Lile
Questionnaire, the FACTT questionnaires and  subscales
ecluding fatigue and anemia, the Likert Scale, and Borg
Scale (Tombaugh, et al., J. Am. Geratr, Soc. 40:022, 1992;
Commings, JAMA. 269(18):2420, 1993; Crum, et al,
JAMAL 269(18%:2386. 1993: Volslein. ctal.. ). Psychial. Res.
12:189, 1975; Kokmen, et al., Mayo Clin. Proc. 62:281.
1987, Tang-Wai. et al.. Arch. Neurol. 60:1777, 2003: Tam-
burind, Ann. Oocol. 12 (Suppl. 3):57, 2001; Webster et al.,
Health and Quality of Life Outcomes. 1:79, 2003,
www.liglo.com/content/I'T/79; Grant, et al., Chest. 116:
1208, 1999; and www.golid.org). Any ol these measure-
ments may be used (o assess the change in quality of Tife due
Lo administration of a compound which inhibits complement
or inhibits formation of C5b-9.

In certain embodiments, inprovement in quality of life

due to administration of a compound which inhibits comple- >

ment or inhibits [ormation ol (C5b-9 is measurcd by the
I'unctional Assessment of Chronie Hness Therapy (FACTL)
Measurement Systemn. In certain embodiments, improve-
ment in quality of life is measured by: a) full scales; b)
stand-alone subscales; and ¢) symptom indices.

In certain embodiments, improvement in quality of life
due to administration of a4 compound which inhibits comple-
ment or inhibits formation of C3b-9 is measured by a
Evropean Organization for Research and Treatment of Can-

cer (BORTCY Quality ol Life Questionnaire. In cerlain 3

embodiments, the FORTC questionnaire is the QIO-C30.

In certain embodiments, improvement in quality ol life is
measured by the health-adjusted lite expectancy (HALE)
index as described in Wilkins, R. and Adams, O B, Am J

Public lealth, 73: 1073-1080 (1983). Ilealth-adjusted lile 3

expeclancy is an average of the quality-adjusted lile years
(QALYY lor a given population and can be used o evaluale
the therapeutic valve of a medical intervention. Quality-
adjusted lite vears is a health index that weighs each vear of
life om a seale [rom 1 o O (Weinstein M C and Stason W 3.
N Lngl ] Med, 296:716-721 {1977)). Perlect health is rated
as 1, death is rated as 0, and disability and pain are rated
based on severity. QALY is determined by multplving the
number of vears at each health status.

In certain embodiments, improvement in quality ol life is
measured by the lollowing insiruments: Years ol polential
life lost, Disability-free life expectancy, Health-adjusted life
vear, (uality adjusted lite vear, Healthy vears equivalents,
Healthy days gained, lipisode-lree day, Q-TWIiST, Tleallth

Ultilities Index. and Years ol healthy lile. These measure- s

ments account for both changes in mortality as well as
changes in morbidity and disability. Aoy of these measure-
ments may be used to assess the change in quality of lite due
Lo administration of a compound which inhibits complement
or inhibils [ormation of (C5h-9.

In one embodiment, the disclosed methods inprove the
quality of lite of a patient for at least one day, at least one
weelk, at least two weeks, at least three weeks, at least one
month, at least two months, at least three months. al least 6
months, al least one year, al least 18 months, al least two
vears, at least 30 months, or at least three vears, or the
duration of treatment.

In certain embodiments. the symploms used 0 measure
quality ol lile are scaled [or intensity. In cerlain embodi-
ments. the symptloms are scaled lor frequency. In cerlain
embodiments, the symptoms are scaled for intensity and
frequency.
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In certain aspects, the application provides a method for
prolonging the health-adjusted lile expectlancy of a subjecl
comprising administering (o the subject a compound which
inhibits complement or inhibits lormation ol C5bh-4. "The
above measurements account for both changes in mortality
as well as changes in morbidity and disability. Any of these
measurcments may be used o assess the change in quality-
adjusted life expectlancy due lo administration ol a com-
pound which inhibits complement or inhibits formation ol
C5b-9.

In one embodiment, the disclosed methods prolong the
health-adjusted life expoclancy in a subject by al least one
day. al least one weck, al least two woeks, al least three
weeks, at least one month, at least two months, at least three

3 months, at least 6 months, at least one vear, at least 18

months, at least two vears, at least 30 months, or at least
three years as measured by the health-adjusted life expec-
tancy (1AL index as described in Wilking el al. Am J
Public Health, 73:1073-1080 (1983). Health-adjusted life
expectancy is an average of the qualitv-adjusted life vears
{QALY) for a given population and can be used o evaluale
the therapeulic value ol a medical intervention. Quality-
adjusted lile years is a health index thal welghs cach year of
life on a scale from 1 1o 0 (Weinstein et al., N Engl J Med,
296:716-721 (1977)). Pertect health is rated as 1, death is
raled as (). and disability and pain are raled based on severily.
QALY is determined by multiplying the number of years al
each health status.

Y Inhibitors of the Complement Cascade

In certain embodiments. any compound which binds 1o or
otherwise blocks the generation and/or activity of one or
more conplement components can be used in the present
methods. In certain embodiments, a complement inhibitor
may be a small molecule (up to 6,000 12a in molecular
welght). a nucleic acid or nucleic acid analog, a peplidomi-
metic, or a macromolecule that is not a nucleic acid, a serine
protease inhibitor, or a protein. These agents include, but are
not limiled o, small organic molecules, RNA aplamers
including ARC1I87 (which s commercially available [rom
Archemix Corp., Cambridge, Mass.), L-RNA aptamers,
Spiegelmers, antisense compounds, molecules which may
be vtilized in RNA interference (RNAi) such as double
stranded RNA including small interlering RNA (5IRNAJ,
locked nucleic acid (INA) inhibilors. peplide nucleic acid
(PNA) inhibitors,

In certain embodiments, a complement inhibitor may be
4 prolein or prolein fragment. Proteing are known which
inhibit the complement cascade, including C13549. (12585,
C146 and other inhibitors o C8 and (9 (sce, c.g. LS. Pal.
No. 6,100,443). Proteins known as complement receptors
and which bind complement are also known (see, Published
PCTI Patent Application WO 92710205 and 118, Pal. No.
6,057.131). Use ol soluble forms of complement receplors,
e.g., soluble CR1, can inhibit the consequences of comple-
ment activation such as neutrophil oxidative burst, comple-
ment mediated neural injury, and C3a and C5a production.
In certain embodiments. a complement inhibitor may be
naturally occurring or soluble forms of complement inhibi-
tory compounds such as CR1, LEX-CRI1, MCT, DAF, CD59,
Factor H, cobra venom factor, FUT-175, complestatin, and
K76 COOIL Those of skill in the art recognive the above as
some, bul not all, of the known methods ol inhibiling
complement and ils activation.

In certain embodiments, a complement inhibitor may be
an antibody capable of inhibiting complement, such as an
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antibody that can block the formation of MAC, Forexample,
an antibody complement inhibitor may include an antibody
that binds 5. Such anti-C8 antibodics may directly inleract
with (O3 andfor (C3b, 50 as 1o inhibit the [ormation ol andior
physiologic funetion of C3h.

Suitable anti-C35 antibodies are known to those of skill in
the art. Antibodies can be made o individual components ol
activated complement, ¢.g.. antibodies o C7, C9. ele. (see.
e.g.. U.S. Pat. No. 6,534,058; published U.S. patent appli-
cation US 2003/0129187; and 11.8. Pat. No. 5,660,825). U.5.
Pat. No. 6,355,245 teaches an antibody which binds to C5
and inhibits cleavage into C5a and 5 thereby decreasing
the [ormation not only of Cia bul also the downsiream
complement components,

The concentration and/or physiologic activity of C3a and
C’5b in a body Muid can be measured by methods well known
in the art. Vor (C5a such methods include chemotaxis assays.
RlAs. or NLISAs (see. [or example. Ward and Zvailler. )
Clin Inwvest. 1971 March; 50(3):606-16; Wurzner, et al.,
Complement Inflamm. 8:328-340, 1991). For C3b, hemo-
Iylic assays or assays [or soluble C3b-9 as discussed herein
can be used. Other assays known in the art can also be used.
Using assays of these or other svitable tvpes, candidate
antibodies capable of inhibiting complement such as anti-C5
antibodies, now known or subsequently identified, can be
screened in order o 1) identily compounds thal are useflul in
the practice ol the application and 2) determine the appro-
priate dosage levels of such compounds.

An antibody capable of inhibiting complement such as an
anlibody that binds 5 allecting C3b is prelerably used at
concentrations providing substantial reduction {i.c.. reduc-
tion by al least aboul 23*%, as compared Lo that in the absence
of the antibody that binds C5) in the C3b levels present in
at least one blood-derived fluid of the patient tollowing

activation ol complement within the fluid. Such concentra- 3

lions can be convenienlly delermined by measuring the
cell-lysing ability (c.g., hemolylic aclivity) ol complement
present in the thoid or the levels of soluble C5b-9 present in
the fluid. Accordingly, a specific concentration for an anti-
body that affects C3b is one (hal resulls in a substantial
reduction {i.e., a reduction by al least about 25%) in the
cell-lvsing ability of the complement present in at least one
of the patient’s blood-derived tluids. Reductions of the
cell-lvsing ability of complement present in the patient’s
bhody Muids can be measured by methods well known in the
arl such as, lor cxample, by a conventional hemolylic assay
such as the hemolvsis assay described by Kabat and Maver
(eds), “Experimental Immunochemistry, 2d Edition”, 133-
240, Springlicld, [1L. C C Thomas (1961). pages 135-139. or

4 convenlional variation of thal assay such as the chicken s

erythrocyle hemolysis method deseribed below.

Specific antibodies capable of inhibiting complement,
such as an antibody that binds C5, are relatively specific and
do not block the [unctions ol carly complement components.

In particular. such specific agents will not substantially s

wpair the opsonization tunctions associated with comple-
ment component C3b, which functions provide a means for
clearance of foreign particles and substances from the body.

(3b 15 generated by the cleavage of 3, which is carried
oul by classical and/or allernative C3 convertases and resulis
in the generation of both C3a and C3b. Theretore, in order
0ot 1o impair the opsonization functions associated with
(3h, specille antibodies capable ol inhibiting complement
such as an antibody that binds €5 do nol substantially
interfere with the cleavage ol complement compeonent C3 in
a body tluid of the patient (e.g., serum) into C3a and C3D.
Such interference with the cleavage 0o C3 can be detected by

[

1

3l

40

45

.t

Gl

G5

12

measuring body fluid levels of C3a and/or C3b, which are
produced in equimolar ratios by the actions ol the C3
converlases. Such measurements are inlormative because
(3a and C3b levels will be reduced (compared (o a matched
sample without the antibody capable of inhibiting, comple-
ment such as an antibody that binds C5) if cleavage is
interlered with by an antibody capable ol inhibiting comple-
ment such as an antibody thal binds C5.

In practice, the quantitative measurement of such cleav-
age is generally more accurate when carried out by the
measurement of body fluid C3a levels rather than of body
[luid 3b levels. since (3a remains in the [uid phase
whereas C3b is rapidly cleared. (3a levels in a body [uid
cal be measured by methods well known in the art such as,
for example, by using a commercially available C3a ELA kit,
c.g.. that sold by Quidel Corporation, San Dicgo. Calil,
according o the manulacturer’s specilications. Particularly
specilic antibodies capable of inhibiling complement such as
an antibody that binds C5 produce essentially no reduction

20 in body fluid C3a levels following complement activation

when tested in such assays.

Certain antibodics o the disclosure will prevent the
cleavage of C5 1o form CS5a and C5h, thus preventing the
generation of the anaphylatoxic activity associated with CSa

3 and preventing the assembly of the membrane atrack com-

plex associated with C5b. As discussed above. ina particular
cmbodiment, these anii-C5 antibodics will not impair the
opsonization fonction associated with the action of C3h.

A preferred method of inhibiting complement activity is
o use a monoclonal antibody which binds (o complement
(3 and inhibits cleavage. This decreases the lormation of
both (C3a and C5b while al the same time allowing the
formation of C3a and C3b which are beneficial to the
recipient. Such antibodies which are specific to human
complement are known (LS. Pal. No. 6.355.243). These
antibodies disclosed in U8, Pal. No. 6.355.245 include a
preferred whole antibody (now named ceulizumab). A simi-
lar antibody against mouse C5 is called BB5.1 (Frei et al,,
Mol. Cell. Probes. 1:141-149 (1987)). Antibodies to inhibit
complement actlivily need not be monoclonal antibodics.
They can be, c.g., polyclonal antibodics. They may addi-
tionally be antibody fragments. An antibody fragment
includes, but is not limited to, an Fab, F(ab'), F(ab').,
single-chain antibody, and Fv. Furthermore, it is well known
by thosc ol skill in the art thatl antibodics can be humanized
{Jones ¢l al,, Nalure 321:522-3 (1986)). chimerized, or
deimmunized. The amibodies to be used in the present
disclosure mayv be any of these. It is preferable 10 use
humanired antibodics.

In specilic embodiments, a therapeatic agent ol the dis-
closure comprises an antibody or antibody ragment. Anti-
bodies and fragments thereof may be made by any conven-
tional method, such as those methods described herein.
Anlibodics are lound in multiple Torms. c.g.. lgA. 12( 1gM,
cle. Additionally. antibodics can be engineered in numerous
wavs. They can be made as single-chain antibodies (includ-
ing small modular inmunopharmacenticals or SMIPsTM),
Fab and F(aly'}), fragments, etc. Antibodies can be human-
ized. chimerized, deimmunived. or [ully human. Numerous
publicatioms set lorth the many types of antibodics and the
methods of engineering such antibodies. For example, see
118, Pat. Nos, 6,335,245; 6,180,370; 5,693,762; 6,407,213;
6,548.640; 5.565,332: 5,225.539; 6.103,889: and 5.260,203.

This invention provides ragments of anti-C3 antibodices,
which may comprise a portion ol an intact antibody, prel-
erably the antigen-binding or variable repion of the intact
antibody. Examples of antibody fragments include Fab, Fal',
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F(ab'),, and Fv fragments; diabodies; linear antibodies (Za-
pala ¢t al.. Protein Ing. 8:1057-1062 {1995)): single-chain
anlibody molecules: and multispecific antibodies lormed
[rom antibody fragments.

Papain digestion of antibodies produces two identical
antigen-binding fragments, called “Fab™ fragments, each
with a single anligen-binding site. and a residual “I'e”
[ragment. whose name rellects its ability o crystallize
readily. Depsin treatment of an antibody vields an Flab'),
fragment that has two antigen-combining sites and is still
capable of cross-linking antigen.

“I"v* refers o the minimum antibody lragment that con-
lains a complete anligen-recognilion and -binding site. This
region congists of a dimer of one heavy- and one light-chain
variable domain in tight, non-covalent association. It is in
this conliguration that the three CIDRs ol each variable
domain interact lo define an anligen-binding site on the
surlace of the V,,, V, dimer. Collectively, the six CDRs
confer antigen-binding specificity 1o the antibody. However,
even a single variable domain (or half of an Fv comprising
only three CDRs specilic for an antigen) has the abilily Lo
recognize and bind antigen. although likely al a lower
atfinity than the entire binding site.

The Fab fragment also contains the constant domain of
the light chain and the first constant domain (CH1) of the
heavy chain. liab' [ragments diller from Fab [ragments by
the addition ol a few residues at the carboxy werminus of the
heavy chain CHI1 domain including one or more cvsteines
from the antibody hinge region. Faly'-SH is the designation
herein lor FPab’ in which the cysteine residue(s) ol the
conslanl domains bear a [ree thiol group. Li{ab™, antibody
[ragments originally were produced as pairs ol ab’ [rag-
ments that have hinge cvsteines between them. Other chemi-
cal couplings of antibody tragments are also known.

“Single-chain Iiv” or “scliv™ antibody [ragments comprise 3

the V,, and ¥, domains of an antibody, wherein these
domains are present In a single polypeplide chain. Prefler-
ably, the Fv polypeptide further comprises a polypeptide
linker between the V,;and V; domains that enables the scFv
1o lorm the desired structure for antigen binding. lior a

review of scl'v sce Pluckthun in The Pharmacology of

Monoclonal Antibodies, vol. 113, Rosenburg and Moore,
eds. (Springer-Verlag: New York, 1994), pp. 269-315.
SMIDPs are a class of single-chain peptide engineered to
include a target binding region. ellector domain (CI12 and
CII3 domains). Sce, c.g.. LS. Patent Application Publica-
tion No, 20050238646, The target binding region may be
derived from the variable region or CDRs of an antibody,
e.g., an antibody (hat binds C3 ol the application. Allerna-

tively. the target binding region is derived [rom a protein that =

hinds 5.

The term “diabodies™ refers to small antibody fragments
with two antigen-binding sites, which fragments comprise a
heavy-chain variable domain (V) connected 1o a light-

chain variable domain (V) in the same polypeptide chain s

(V. V,). By using a linker that is too short to allow pairing
between the two domains on the same chain, the domains are
forced 10 pair with the complementary domains of another
chain and create two antigen-binding sites. Diabodics are
deseribed more fully in, lor example, P 404,097, WO
93/11161; and Hollinger et al., Proc. Natl. Acad. Sei. USA,
90: 6444-6448 (1993),

Il is well known thal the binding 0 a molecule (or a
pathogen) ol antibodics with an e reglon assists in the
processing and clearance ol the molecule (or pathogen). The
Fe portions of antibodies are recognized by specialized
receptors expressed by lumune effector cells. The Fe por-
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tions of IpGGl and IgG3 antibodies are recognized by Fe
receptors present on the surface of phagoeylic cells such as
macrophages and neutrophils. which can thereby bind and
cngul! the molecules or pathogens coated with antibodies of
these isotypes (C. A, Janewsy et al., Immunobiology 3th
edition, page 147, Garland Publishing (New Yorl, 2001}).

This disclosure also provides monoclonal anti-C3 anti-
bodics. A monoclonal antibody can be obtained [rom a
population of substantially homogeneous antibodies, i.e., the
individval antibodies comprising the population are identi-
cal except for possible naturally-occurring mutations that
may be present in minor amounts. Monoclonal antibodices
are highly specific. being direcled against a single antigenic
site. Furthermore, in contrast to conventional (polvelonal)
antibody preparations that tvpically include different anti-
bodics dirceled against dillerent delerminants {cpitopes),
cach monoclonal antibody is directed against a single deter-
minant on the antigen. In addition 1o their specificity. the
monoclonal antibodies are advantageous in that they are

20 often svnthesized by the hybridoma culture, uncontaminated

by other immunoglobuling. Monoclonal antibodices may also
be produced in trans feeted cells. such as CTIO cells and NSO
cells. The modifier “monoclonal™ indicates the character of
the antibody as being obtained from a substantially homo-
geneous population of antibodies and does not require
production ol the antibody by any particular method. lor
cxample, the monoclonal antibodics 0 be used in accor-
dance with the present disclosure may be made by the
hyvbridoma method first described by Kohler et al., Natre
256:495-497 (1975), or may be made by recombinant DNA
methods (sce. c.g.. LS. Pal. Nos. 4.816.367 and 6,331 415).
The “monoclonal antibodics™ may also be isolated [rom
phage antibody libraries using the techniques described in
Clackson et al., Nature 332:624-628 (1991 ) and Marks etal.,
I Mol. BBiol. 222:5381-597 (1991). lor example.

A description ol the preparation ol a mouse anti-human-
3 monoclonal antibody with specilic binding characleris-
tics 1s presented in U.S. Patent Application Publication No.
20050226870, Wurzner et al., Complement Inflamm. 8:328-
340 {1991, deseribe the preparation of other mouse anti-
human-5 monoclonal antibodies referred 1o as N19-8 and
N20-9,

Other antibodies specifically contemplated are “oligoclo-
nal” antibodies. As used lLerein, the term “‘oligoclonal”
antibodies™ relers o a predetermined mixture of distinet
monoclonal antibodics. Sce. cg. PCT publication W0
05/20401; 115, Tat. Nos, 5,789,208 and 6,335,163, In one
embodiment, oligoclonal antibodies consisting of a prede-
lermined mixlure of antibodics against one or more epilopes
are generaled in a single cell. In other embodiments. oligo-
clonal antibodics comprise a plurality ol heavy chains
capable of pairing with a common light chain to generate
antibodies with multiple specificities (e.g., PCT publication
WO 04/009618). Oligoclonal antibodies are particularly
usclul when it s desired (o target mulliple epilopes on a
single target molecule (e.g., C3). In view of the assavs and
epitopes disclosed herein, those skilled in the art can gen-
erate or select antibodies or mixtures of antibodies that are
applicable Tor an intended purpose and desired need.

In certain cmbodiments that include a humanized and/or
chimeric antibody, one or more of the CDRs are derived
from an anti-human C5 antibody. In a specific embodiment,
all of the C1Rs are derived from an anli-human C5 anti-
body. In another specilic embodiment. the CDRs [rom more
than one anti-human 5 antibody are mixed and matched in
a chimeric antibody, For instance, a chimeric antibody may
comprise a CDRI from the light chain of a first anti-human
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C3 antibody combined with CDR2 and CDR3 from the light
chain of a second anti-human C3 antibody. and the CDRs
[rom the heavy chain may be derived from a third anii-
human C5 antibody. Further. the lramework regions may be
derived from one of the same anti-lmman C5 antibodies,
from one or more different antibodies, such as a human
anlibody. or [rom a humanirzed antibody. | luman or human-
ized anlibodies are specific for administration 0 human
palicnis.

In certain embodiments, single chain antibodies, and
chimeric, humanized or primatized (CDR-grafted) antibod-
ics, as well as chimeric or CDR-gralied single chain anii-
hodics, comprising portions derived [rom dillerent species.
are also encompassed by the present disclosure as antigen-
binding fragments of an antibody. The varions portions of
these antibodies can be joined together chemically by con-
ventional lechnigues. or can be prepared as a conliguous
protein using genelic engineering lechnigques. lor example.
nueleic acids encoding a chimeric or humanized chain can
be expressed 1o produce a contiguous protein. See, e.g., LS.
Patl. Nos. 4.816,567 and 6,331.415; 1).8. Pal. No. 4.816,397:
Luropean Patent No. (01200694 WO 86/01533: luropean
Patent No.o (,194.276 131; 1S, Pal. No. 5,225.539; and
Evropean Patent No. 0,239,400 Bl. See also, Newman et al.,
BioTechnology 10:14355-1460 (1992), reparding primatized
anlibody. See. ¢c.g. Ladner el al, LS. Pal. No. 4.946,778:
and 13ird el al, Science 242:423-426 (1988). regarding
single chain antibodies.

In addition, tunctional tragments of antibodies, including

fragments of chimeric, humanized, primatized or single 2

chain antibodics. can also be produced. Punclional [rag-
ments ol the subject antibodies retain at least one binding
function and/or modulation tonction of the full-length anti-
body from which thev are derived. Preferred tunctional

fragments retain an antipen-binding function of a corre-

sponding [ull-length antibody (such as lor example. abilily
ol antibody that binds €5 (o bind °5).

General methods for the immunization of animals (in this
case with C5 and/or C5b, etc.), isolation of antibody pro-
ducing cells. [usion ol such cells with immortal cells {c.g..
mycloma cells) o generate hybridomas scereting monoclo-
nal antibodics, screening ol hybridoma supematants for
reactivity of secreted monoclonal antibodies with a desired
antigen (in this case the inmunogen or a molecule contain-
ing the immunogen). the preparation of quantitics of such
anlibodics in hybridoma supernatants or asciles [uids, and
for the purification and storage of such monoclonal antibod-
ies, can be found in mumerous publications. These include:
Coligan, et al., eds. Cwrrent Protocols In Immunology, John

Wiley & Song, New York, 1992; Harlow and |.ane. Awri- 5

hodies. A Laboratory Manual, Cold Spring [larbor | abora-
tory, New York, 1988; Liddell and Crver, 4 Practical Guide
To Monoclonal Antibodies, John Wiley & Sons, Chichester,

West Sussex, Ingland. 1991; Monltz et al., Cellular Immu-

nol. 127:337-351 (1990);, Wursner ot al.. Complement

Inflamm. 8:328-340 (1991); and Mollnes et al.. Scand. 1.
Immunol. 28:307-312 (1988},

V1 Mcthods ol Treaiment

Methods of the application may be used to Treal parox-
vemal nocturnal hemoglobinuria  associated  symptoms.
Mcthods of the application may be used (o treal anemia
associaled symploms. “reatment of paroxysmal noclumal
hemoglobinuria andfor anemia may be adminisiered by
standard means. Treatments of the application may be used
i1 combination with other treatments of the application or

[

1

1

40

45

Gl

G5

16

known treatments for paroxysmal nocturnal hemoglobinuria
and/or anemia. Treatments of the application may be co-
administered with other treatments thal treal symploms of
paroxysmal noclurnal hemoglobinuria and/or ancmia.

VII Pharmaceutical Formulations and Uses

Methods of administration of small molecules. proteins,
and nucleic acids are well-known to those of skill in the art.
Methods of administration of antibodies are well-known 1o
those ot skill in the art. To achieve the desired inhibition, the
antibodies can be administered in a variely ol unil dosage
forms. The dose will vary according o the particular anti-
body. For example, difterent antibodies may have different
masses and/or affinities, and thus require difterent dosage
levels. Antibodies prepared as lab [ragments will also
require dillering dosages than the equivalent intact immu-
noglobuling, as they are of comsiderably smaller mass than
intact immwonoglobuling, and thus require lower dosages 1o

20 reach the same molar levels in the patient’s blood. The dose

will also vary depending on (the manner ol administration,
the particular symploms ol the patient being trealed. the
overall health, condition, size, and age of the patient, and the
judgment of the prescribing physician. Dosage levels of the
antibodies for human subjects are generally berween about
1 mg per kg and about 100 mg per kg per patient per
treatment, and preferably between aboul 5 mg per kg and
about 50 mg per kg per patient per treatment. In terms of
plasma concentrations, the antibody concentrations are pref-
crably in the range from aboul 25 pg/ml. (o aboul 500
weiml.. [lowever. grealer amounts may be required lor
extreme cases and smaller amounts may be sullicient lor
milder cases.

In certain embodiments, the pharmaceutical composition
i in a single unil dosage lorm. In cerlain embodimenis, the
single unit dosage lorm 15 a 300 mg unit dosage [orm. In
certain embodiments. the pharmaceutical composition is
lvophilized. In certain embodiments, the pharmaceutical
composition is a sterile solution. In certain embodiments, the
pharmaceulical composition is a preservative [ree lormula-
tion. In certain embodiments, the pharmaceutical composi-
tion comprises a 300 mg single-use tormulation of 30 ml of
a 10 mg/ml sterile, preservative free solution. In certain
embodiments, the antibody is administered according to the
lollowing protocol: 600 mg via 25 1o 45 minule IV inlusion
overy 712 days lor the irst 4 weeks. [ollowed by 900 myg lor
the fitth dose 7=2 davs later, then 900 mg every 14=2 davs
thereafter. Antibody is administered via IV infusion over 25
o 45 minuie.

Administration ol the anti-C3 antibodices will generally be
performed by an intravascular rowle, c.g. via intravenous
infusion by injection. Other routes of administration may be
vsed it desired but an intravenous route will be the most
preferable. Formulations suilable [or injection are found in
Reminglon’s  Pharmaceulical Sciences, Mack Publishing
Company, Philadelphia, Pa., 17th ed. (19835). Such formu-
lations must be sterile and non-pyrogenic, and generally will
include a pharmaceutically effective carrier, such as saline,
bullered {c.g., phosphaie bullered) saline. [ank™s solution,
Ringer’s solution, dextrose/saline, glucose solutions, and the
like. The formulations may contain pharmaceutically
acceptable avxiliary substances as required, such as, tonicity
adjusting agents. welling agents. baclericidal agents. preser-
valives. slabilivers, and the like. In certain embodiments,
complement inhibitors such as ceulizumab may be admin-
istered via IV infusion and diluted 1o a final concentration of
3 mg/ml prior to administration.
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Administration of the antibodies capable of inhibiting
complement such as an antibody thatl binds O35 will generally
be performed by a parenteral roule, typlcally via injection
such as intra-arlicular or intravascular injeclion {e.g., intra-
venous infision) or intramuscular injection. Other routes of
administration, e.g., oral (p.o.), may be used if desired and
practicable [or the particular antibody capable of inhibiting
complement to be administered. Antibodies capable ol
inhibiting complement such as an antibody that binds C5 can
also be administered in a variety of vnit dosage forms and
their dosages will also vary with the size, potency, and in
vive hall-life of the particular antibody capable ol inhibiting
complement  being  administered. Doses ol antibodics
capable of inhibiting complement such as an antibody that
binds €5 will also vary depending on the manner of admin-
istration. the particular symploms ol the patient being
treated, the overall health, condition. sive, and age ol the
patient, and the judgment of the preseribing physician.

In certain embodiments, a typical therapeutic treatment

includes a series of doses, which will nsually be adminis- 2

tered concurrently with the monitoring of clinical endpoints
with the dosage levels adjusted as needed (o achiceve the
desired clinical outcome. In certain embodiments, treatment
is administered in multiple dosages over at least a weelk. In
certain embodiments, treatment is administered in multiple
dosages over al least a month. In certain embodiments.
treatment 1s administered in multiple dosages over al least a
vear. In certain embodiments, treatment is administered in
multiple dosages over the remainder of the patient’s lite.

The frequency of administration may also be adjusled 3

according 1o various paramelers. These include the clinical
response. the plasma hall-lile ol the therapeulic of the
disclosure, and the levels of the antibody in a body fluid,
such as, blood, plasma, serum, or svanovial fluid. To gnide

adjustiment ol the [requency of administration, levels of the 3

therapeulic ol the disclosure in the body [Tuid may be
monitored during the course ol treatment.

In certain embodiments, the frequency of administration
may be adjusted according to an assay measuring cell-lvsing
ability ol complement present in one or more of the patient’s
body [uids. The cell-lysing ability can be measured as
percent hemolysis in hemolytic assavs of the types described
herein. A 10% or 25% or 30% redvetion in the cell-lvsing
ability of complement present in a body tluid after treatment
with the antibody capable of inhibiling complement used in
the practice of the application means (hat the percent
hemolwysis after treatment is 90, 75, or 50 percent, respec-
tively, of the percent hemolysis before treatment.

lor the treatment of hemolytic discases such as PNI by

syslemic administration ol an antibody capable of inhibiting =

complement such as an antibody that binds C5 (as opposed
1o local administration), administration of a large initial dose
is specific, i.e., a single initial dose sufficient to vield a
substantial reduction. and more prelerably an at least about

50% reduction. in the hemolylic activity of the palienls s

serum. Such a large initial dose is preferably followed by
regularly repeated administration of tapered doses as needed
10 maintain substantial reductions of serum hemolytic titer.
In another embodiment. the initial dose is given by bolh
local and systemic routes. lollowed by repeated systemic
administration of tapered doses as described above,
Formulations particularly vsetol for antibody-based thera-
peutic agents are also deseribed in UK. Palent App. Publi-
cation Nos. 20030202972, 20040091490 and 20050158316.
In certain embodiments, the liguid lormulations ol the
application are substantially free of surfactant and/or inor-
ganic salts. In another specific embodiment, the liquid
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formulations have a pH ranging from about 3.0 o about 7.0.
In yet another specilic embodiment, the liquid formulations
comprise histidine al a concentration ranging from about 1
mM (o aboul 1) mM. In still another specilic embodiment,
the liquid tormulations comprise histidine at a concentration
ranging from 1 mb 1o 100 mM. It is also contemplated that
the liguid Tormulations may [urther comprise one or more
exelpienls such as a saccharide. an amine acid (c.g., argi-
nine, lysine, and methionine) and a polvol. Additional

3 descriptions and methods of preparing and analyzing liquid

formulations can be tound, for example, in PCT publications
WO 037106644, WO 047066957, and WO 04/091658.

Welling agents. emulsifiors and lubricants. such as sodium
lauryl sulfate and magnesinm stearate, as well as coloring
agents, release agents, coating agents, sweetening, tlavoring
and perfuming agents. preservalives and antioxidants can
also be present in the pharmaceutical compositions of the
application.

In certain embodiments, formulations of the subject anti-
bodies are pyvrogen-free formulations which are substan-
tally [ree of endotoxins andior related pyrogenic sub-
stances. indotoxins include toxins that are confined inside
microorganisms and are released when the microorganisimg
are broken down or die. Pyrogenic substances also include
fever-inducing, thermostable substances (glvcoproteins)
from the ouler membrane of bacteria and other microorgan-
isms. 13oth ol these substlances can cause [ever. hypolension
and shock if administered to humans. Due to the potential
harmtul etfects, it is advantageons o remove even low
amounts ol endotoxing from  intravenously  administered
pharmaceulical drug solutions. The Food & Drug Adminis-
tration (“I'IYA™) has set an upper limil o 3 endoloxin units
(EU) per dose per Idlogram body weight in a single one hour
petiod for intravenous drug applications (The United States
Pharmacopeial Convention, Pharmacopeial lorum 26 (1)
223 (20009). When therapeulic proleins are administered in
amounts ol several hundred or (housand milligrams per
kilogram body weight, as can be the case with monoclonal
antibadies, it is advantageous to remove even trace amaounts
ol endoloxin.

Formulations ol the subject antibodies include those suit-
able for oral, dietary, topical, parenteral (e.g., intravenous,
intraarterial, intramuscular, subcutaneous injection), oph-
thalmologic (e.g., topical or intraocular), inhalation (e.g.,
intrabronchial.  inlranasal or oral inhalation, iniranasal
drops). rectal. andfor intravaginal administration. Other suit-
able methods of administration can also inclide recharge-
able or biodegradable devices and controlled release poly-
meric devices. Stents, in parlicular. may be coaled with a
controlled release polymer mixed with an agent ol the
application. The pharmaceutical compositions of this dis-
closure can also be administered as part of a combinatorial
therapy with other agents (either in the same formulation or
in a separale [ormulation).

The amount ol the formulation which will be therapeuti-
cally effective can be determined by standard clinical tech-
niques. In addition, in viro assavs may optionally be
emploved to help identify optimal dosage ranges. The pre-
cise dose o be employed in the lormulation will also depend
on the route ol administration, and the seriousness ol the
disease or disorder, and should be decided according to the
judgment of the practitioner and each patient’s circum-
stances. Lllectlive doscs may be extrapolated [rom dose-
response curves derived [rom in vitro or animal model test
systems. "The dosage of the compositions o be administered
can be determined by the skilled artisan without undue
experinentation in conjunction with standard dose-response
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studies. Relevant circumstances to be considered in making
those determinations include the condition or conditions Lo
be treated, the choice ol composition o be administered, the
age, weight, and response of (he individual patient. and the
severity of the patient’s symptoms. For example, the actual
patient body weight may be vsed 10 calculate the dose of the
formulations in milliliters (mL) to be administered. There
may be no downward adjustment o “ideal” weight. In such
4 siluation. an appropriale dose may be caleulated by the
lollowing Tormula: Dose (ml.)=|patient weight (kgix dose
level (ma'ke)/drug concentration {mg/ml)]

To achieve the desired treatment results, anti-C35 antibod-
ies can be administered in a variety of unit dosage forms.
The dose will vary according Lo the particular antibody. l'or
example. dillerent antibodics may have dillerent masses
andfor allinitics. and (hus require different dosage levels.
Antibodies prepared as Fab' fraginents or single chain anti-
bodies will also require differing dosages than the equivalent
native immunoglobulins, as they are of considerably smaller
mass (han native immunoglobuling, and thus require lower
dosages (o reach the same molar levels in the patients
blood.

Other therapeutics of the disclosure can also be adminis-
tered in a variety of unit dosage forms and their dosages will
also vary with the size. polency. and in vive hall-life of the
particular therapeulic being administered.

Doses of therapeutics of the disclosure will also vary
depending on the manner of administration, the particular

symptoms of the patient being treated, the overall health,

condition. sive, and age ol the patient. and the judgment ol
the prescribing physiclan.

The formulations of the application can be distributed as
articles of manutacture comprising packaging material and

a pharmaceutical agent which comprises the antibody

capable of inhibiting complement and a pharmaccutically
acceplable carrier as appropriale o the mode of administra-
tion. The packaging material may include a label which
indicates that the formulation is for use in the treatment of
hemolylic discases such as PNIL Although antibodics are
prelerred. especially anti-C'S antibodics which have already
bheen shown (o be sale and ellective al decreasing the
accumulation of downstream complement components in
persons, the vse of other complement inhibitors is also
contemplated by this disclosure. The pharmaceutical lormu-
lations and uses ol the disclosure may be combined with
any konown complement inhibitors or hemolytic diseases
treatments known in the art.

In certain aspects, the application provides lits compris-

ing a pharmaceutical composition ol the application. In 5

some embodiments, the kit further comprises al least one
component of a closed sterile system. Components of the
closed sterile system include, but are not limited to, needles,
syringes. catheter based syringes. needle based injection

devices, needle-less injection devices, (illers. lubing. valves

and cannulas. In a related embodiment, the kit comprise
components for the removal of a preservative from the
composition. Such components include filters, syringes,
vials. conlainers, lubing, cle.

EXEMPLIFICATION

Mothods
Patient Sclection

The TRIUMPIL trial consisled ol a 2-week scrocning
pericd, an observation period of up to 3 months duration,
and a 26-week treatment period.
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During the screening period, patients were evaluated with
respeet o inclusion and exclusion crileria. Men and womoen,
18 vears or older. diagnosed as having PNIT with a type 111
crylhrocyle population o =10%, and who had received al
least 4 transtusions in the previous 12 months were eligible.
Concomitant administration of ervthropoietin, inmunosup-
pressants, corlicosieroids. coumnadin, low molecular weight
heparin. irom supplements. and [olic acid were not reasons
for exclusion, provided the doses were steady prior to the
first visit and throughout the duration of the study. Because
of the increased frequency of neisserial intections in indi-
viduals genetically deficient in lerminal complement pro-
leing, all patients were vaccinaled against Neisseria menin-
aitides. Patients were to avoid conception. The protocol was
approved by an Investigational Review Board at each clini-
cal site and written informed consent was oblained from all
patients enrolled.

Patients transfused with 4 mean pre-transfusion hemoglo-
bin level >10.5 g/dL over the previous 12 months, and those

20 who showed evidence of having a suppressed immune

response, complement deficiency. or active bacterial inflee-
tion. including any history ol meningococeal discasc. were
excluded from the stdy. Patients were also not eligible it
they had previously received a bone marrow transplant or it
they had participated in another trial or received another
investigational drug within 30 days ol the [irsl visil. An
individualized (ranslusion algorithm was caleulaied for cach
patient based on their prior 12-month transfusion history; the
written algorithim documented the number of packed red
blood cell (PRIZCY units translfused lor given hemoglobin
values and served as a prospectively delermined guide Tor
trans [usion during observation and (reatment periods.

Each patient considered eligible entered an observation
petiod of vp 10 13 weeks in order to confirm their PBRC
trans [usion dependence. Al leasl one translusion  lermed
the “qualilying” transfusion  during the 13-weck observa-
tion period at a hemoglobin value at or below 9 g/dl. with
sviptoms, or at or below 7 g/dL with or without svmptoms,
in accordance with the transfusion algorithim indicated for
cach patienl. was a requirement o proceed to randomization.
The hemoglobin value at which cach individual s qualilying
transfision was administered, was defined as the hemoglo-
bin “set point™ for that individual for the purpose of the
primary eflicacy variable. A platelet count =100,000/mL and
a L1 Tevel =1.5 tmes the upper Timit of the normal range
were also required either al sereening or during the obser-
vation period tor eligibility.
Study Design

Patients were randomly assigned on a onc-om-one basis o
receive cither placebo or ceulizumab (Soliris™. Alexion
Pharmaceuticals, Inc) within 10 days of the qualilying
transtision. Study medication was dosed in a blinded fash-
ion as tollows: 600 mg eculizumab for patients randomly
assigned 1o active drug. or placebo lor those patienls ran-
domly assigned (o placcho. respectively via 1V inlusion
every 7x1 davs for 4 doses; followed by 900 mg eculizumab,
or placebo, respectively, via IV infusion 7+l day later;
followed by a maintenance dose of 900 mg eculizumaly, or
placebo. respectively. via IV inlusion every 1422 days for a
total of 26 wecks ol treatment.
Measures of Clinical Efficacy

There were two co-primary endpoints in the study: (1)
stabilization of hemoglobin levels, delined as a hemoglobin
value maintained above the individual hemoglobin set point
in the absence ol transfusions [or the enlire 26-weck treat-
ment period, and (2) reduction in units of PRBCs transtused
during the 26-week treatment phase of the study. The trigger
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for transfusion during the study period remained nnchanged
lor cach patient, as compared with their care belore cntry
inte the study: patients received blood transfusions when
they had symploms resulling from anemia and reached their
individualized, predetermined “set point™. Pre-specified sec-
ondary endpoints included transfusion avoidance, hemolysis
as measured by 111 arca under the curve [rom baseline Lo
26 weeks. and Qol . changes as measured [rom bascline o 26
weels using the Functional Assessment of Chronic Illness
Therapy-Fatigue (FACIT-Fatigue) instrument.'* Pre-speci-
fied exploratory analvses included assessment of the
BORTC Q1.0Q-C30 instrument,** the change in 1.DIT [rom
bascline through week 26. and thrombosis. Other pre-speci-
fied measurements included pharmacolinetics, pharmaco-
dynamics, and immunogenicity of eculizumab. Time to first
transfusion during the 26-week treatment phase and the
propaortion of PNIT type 11 blood cells were also assessed.
Salely Assessments

Treatment-emergent adverse events, clinical laboratory
tests (e.g., serum chemical analyses and complete blood
counls), clectrocardiogram  data. and  vital signs  were
assessed. Adverse events wore defined using the MedDRA
preferred terms and tabulated as incidence rates per treat-
ment group.

Statistical Analysis

lor co-primary cndpoints, analyses were perlormed
according 1o the nlention (o treal using the data rom all
patients who were randomized and received study drug;
stabilization of hemoglobin levels was analvzed vsing the
Iisher's exact test and total PRBC units (ranslused were
analyred with the Wilcoxon™s rank sum Lest. or comparison
of treatment effect on translusion aveidance. the Fisher's
exact test was vsed on the incidence and the log rank test was
used for time to first transfusion. For LDH area under the
curve the Wilcoxon™s rank sum lest was used.

Quality of lile measure of aligue was assessed using the
scaring suidelines [or the FACTI-Fatigue  instrument."”
Asgsessment of quality of life measures based on the EORTC
QLQ-C30 instrument was conducted in accordance with the
appropriale scoring guidelines.'® The changes of FACII-
Fatigue and FORTC QLO-C30 scores from bascline through
26 weels were analvzed using a mixed model, with baseline
as covariate, reatment and time as fixed effects, and patient
as a random effect. Changes in LDH levels and PNH tvpe 11T
erythrocyles [rom baseline through 26 weeks were analyrzed
using the same mixed model. Two-sided lests were used lor
all analyses. The adverse events and long-term safety check-
list were tabulated separately and compared between treat-
ments using the Fisher's exact lest. A p-value =005 was
considered o be statistically significant.

Resulls
Characteristics of Patients

A total of 115 PNH patients were screened. Six patients

did not meet the inclusion/exclusion crileria during the

screening period. Twenly-one olher patients did not receive s

a qualifving transtision and were not randomized into the
treatment phase. One patient who did not imeet the inclusion
criteria was inadvertently randomized, but did not receive
study medication. "Thus 87 hemolytic PNIT patients (35 men
and 52 women) woere enrolled and randomized o receive
either eculiznmab (N 43) or placebo (N 44), exceeding the
original target of 75 randomized patients.

Palienl characleristics were similar in the ceulizumab- and
placebo-treated cohorts: median age. 41 (range 20-835) and
35 (range 18-78) years: median duration of PNIL 4.2 (range
0.8 10 29.7) and 9.2 (range 0.4 to 38.3) vears; patients with
history of aplastic anemia, 4 and 11; history of myelodys-
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plastic svndrome, 1 and 0; and history of thrombosis, 9 (16
cvenls) and 8 (11 cvents). Stable usage ol concomilant
medicalioms al bascline in the ceulizumab- and placcho-
treated groups included the [bllowing: erythropoieting 3
patients and O patients; cvclosporine, 1 and 1; anticoagulants
{coumaring or heparing) 21 and 11; and steroids (glucocor-
licoids or androgenic steroids), 12 and 12, respectively.

OF the 87 patients randomized, 85 completed the (rial.
Two patients who did not complete the trial had been
randomized 1o the eculizumab arm: one patient discontinved
due to the inconvenience of travel to the study site and the
second patient became pregnant. lTen patients in (he placebo-
treatment group discontinued infusions. n all cases due 1o
perceived lack of efficacy, but they remained in the study for
monitoring, purposes.
Pharmacokinelics/Pharmacodynamics

In 42 ol the 43 ceulizumab-treated patients the levels of
drug during the maintenance period (900 mg every 2
weeks=2 davs) were sufficient to completely block serum

20 hemolytic activity (mean trough valve at week 26 of 101.8

weiml ). A single patient did not sustain therapeutic (rough
levels ol ceulizumab and demonstraled a breakthrough in
complement blockade during the last few davs of each
dosing interval. These breakithroughs were clinically man-
ageable and quickly resolved following the next dose.
[Temolytic 1illicacy Variables

The impact of lerminal complement inhibitlon with ccu-
lizumab on chronic intravascular hemolysis in PNH patients
was demonstrated in this study by an immediate (one weel)
and sustained decrease in mean levels ol LI (UG, 1A).
The median I area under the curve during the 26-week
study period was reduced 83.8%, in ceulizumab-relative 1o
placebo-treated patients (I*<0.001). The mean LDH level
decreased from 2199.7x137.7 IU/L at baseline to
327.3267.6 11, by 26 wecks in ceulivumab-irealed patients
while levels in placebo-treated patients remained consis-
lently elevaled with values of 2259.0x138.5 [T, al baseline
and 2418.9x140.3 TU/L at 26 weeks (P<0.001, for eculi-
zumab versus placebo). A second biochemical measure of
hemolysis. serum aspartale aminolranslerase (A1), also
showed a statistically signilicant Improvement lollowing
eculizumab-versus placebo-treatment (data not shown).
Haptoglobin levels were statistically significantly increased
in eculizumab—as compared to placebo-treated patients but
mean levels of haploglobin were sUll below normal levels in
ceulizumab-treated patients (data not shown).

FIG. 14 shows the degree of intravascular hemolysis in
PNH patients, demonstrated by mean lactate dehydrogenase
{1.D11) levels ( xstandard error) [rom baseline (study weck ()
lo wecek 26 Tor both ceulizumab- and placebo-trealed patient
populations. Screening occurred up o 3 months prior o
study week 0. The vpper limit of the normal range (103-223
1LY tor LDH is indicated by a dashed line. LDH was
reduced 1o a mean level just above the upper limit ol normal
al week 26 lor coulizumab-treated patients; 13 ol 41 patients
who completed the study demonstrated LDH levels within
the normal range. All placebo-treated patients remained at
least 5 times above the upper limit of normal at week 26. The
P value is based on a mixed model analysis from baseline
through week 26, UG 113 shows the mean proporlion
{xstandard error) of PNH type 111 ervthrocvtes assessed for
placebo- and eculizumab-treated patients. The screening
visil oceurred up 10 3 months prior o study weck 0. The P
value 15 based on a mixed model analysis rom baseline
through woeck 26.

A corollary 1o the reduction in intravascular hemolysis
during eculizumalb treatment was an observed increase in the
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PNH tvpe III ervihrocyte population (FIG. 1B). The mean
proportions of type III ervthrocytes increased from
28.1+2.0% at baseline to 36.9£3 6% by week 26 for eculi-

24
{Table 1). By contrast, in the 6-month period prior 1o the
study, total PRBC units transfused in the eculizumab- and
placebo-cohorts were 413 and 417, respectively.

TABLE 1

Stabilivation o Hemeglobin Tevels and Reduciion

in Transfusion Requirements dunng Eculizumab Treatment

PRIFTREATMENT

[IISTORY® TREATMENT PERIOT)

Placeha  Eeulizumah Placebo Eoulizumab T Value
IStabilization of Hemaoglobin NA NA o 48.8 <0,000LF
TLaevels in the dhsence of
transtusions (percent of
palienis)
Flinits Transfised por Parem.
Madian 8.5 .0 mn 8] =001
Mean + 5E 0.7 £ 0.7 PROEIN 10 = 083 5.0 £ 067
Tatal Tonits Transtused per 417 413 482 131

{iroup

#Twechve menth histarizal transfosion data normalized te & manths
S p-primary cuclpoiots

limse on Z-sided isher™s exact el

$Bascd on Wilcoxen’s ranl sum test

MA nul applicable

zumab-treated patients while proportions in the placebo
group remained constant with mean values ol 35712 8%,
helore treatment o 35.522.8% al 26 weeks (P<0.001, Tor
ceulizumab versus placche). 13y contrast. the proportions ol
PNH type III granulocvtes and monocvtes did not change
significantly between the treatment groups during, the treat-
ment period and were greater (than 90% al week 26.
Clinical 1illicacy
Co-Primary indpoints

The co-primary eflicacy endpoints in the TRIUMPH 1rial
were stabilization of hemoglobin levels and reduction in
PRBC units transtused. At the end of the treatment period,
48.8% ol cculivumab-treated patients had maintained levels
ol hemoglobin above the pre-speeified set-point {median
set-point valve of 7.7 g/dL for both treatment groups) in the
absence of transtusions, whereas stabilization of hemoglo-
bin did not occur in any of the patients in the placebo group
(P=0.001; Table 1), By week 26, the median of PRI3C uniis
transfused per patient was O in the ceulizumab group and
10.0 in the placebo cohort (P<0.001), while the mean of
PRBC units transtused was 3.0 and 11.0 in the eculizumab
and placebo cohorts. respectively. In the 6-month period

prior o the study, the median ol PRBC units transfused per =

patient was 9.0 in the ceulizumab cohort and 8.5 in placebo
patients while the mean of PRBC units transtfused was
9.6£0.6 and 9.7£0.7, respectively. Mean hemoglobin levels
woere similar belwoeen the treatment groups al baseline

(10.0+1.8 g/idl. in ceulizumab-treated patients and 9.7+1.8 s

g/dL in placebo-treated patients) and did not substantially
change by week 26 (10.1£2.5 g/dL and 8.9x2.2 g/dL in
eculizumab and placebo colhorts; respectively).

The median Gime o first ranslusion was nol reached
during the study period in ceulizumab-treated patients (it
was greater than 26 weels) while the placebo group reached
the median tine to first transfusion in only 4 weeks
(P=0.0010; IG. 2). Transfusion avoidance was achieved in
51.2% and 0% of the cculivumab and placebo cohorts.
respectively (P<0.001). By the end of the 26-week treatment
pericd, the total PRBC units transtused were 131 in eculi-
zumab-treated patients versus 482 in the placebo group
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Improvements in Quality of Lite Measures

Assessments of quality of life in PNH patients during
ceulizumab treatment woere performed using two dillerent
mstruments: VPACTT-latigue and the DORTC QLOQ-C30.
leulizumab-treated patients showed a mean inerease (im-
provement) in the FACTT-Fatigue score of 6.4x1.2 points
from baseline to 26-weeks while the mean score in placebo
patients decreased by 4.0x1.7 points, a total difterence
between the treatment groups of 10.4 points (IF1G. 33, Mixed
model analysis ol covariance demonstrated a statistically
significant dillerence between treatment groups (P<0.001).

I'or the ORTC instrument, improvements were observed
with eculizumab-treatment in each subscale. Statistically
significant improvements with eculizumab—compared with
placebo-treated groups were observed in the following qual-
ity of lile subscales (Table 23 global health status (P<0.0017,
physical Tunctioning  (P-<0.001), cmotional lunctioning
{(P=0.008), cognilive lunctioning (P=0.002), role [unclion-
ing (P<0.001), social functioning (I 0.003), fatigue
(P<10.001), pain (I' 0.002), dyspnea (P<0.001), appetite loss
{P<00.001), and insommia (P=0.014). The improvements with
ceulizumab treatment in the other scales. including nausca
and vomiting. diarrhea. constipation, and (inancial dillicul-
ties, did not reach statistical significance.

TARBLL 2

Effect of Eculimunab Treatment on
Oualily ol Lile Asseszed by the BORTC O0O-030 [nsiturmnen

Mean Change from

Bascline 1o Weok 26%  Absoluie P
Placeba  Eculizumab Difference  Value®
Gilohal Hewlth $tas -85 0.8 19.4 <001
Functional
Role —6.4 17.9 248 <[00
Racial 2.0 16.7 14.6 =13.003
Cognilive 6.1 7.0 14.0 =002
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TABLE 2-continued

lilleet, of Yeuliznruh Treament on

Cuality of Life Assessed by the BORTC LO-C30 nstrunent

Mean Change from

Daseline to Week 26%  Absolute r

Placebo  Eculizumab Difference  Value|
Physical -3 9.4 13.0 =(,001
lorrertionml -3.7 Ta 1.z =010
Syviaptoms: Single Trems
Liati e LD —-16.4 270 =000 1
Tain 33 -1z 17.6 =0.0032
12yspnea 3] 749 16.4 10001
Appetite Loss 33 -10.3 13.6 =001
[nsomiia 4.9 -7.4 12, =0.014
liinancial 0.0 —-10.3 1003 =(].15&
Difficulties
Conslipalion (.0 -6.3 6.3 =199
Maugeavomiling 24 .4 32 =056
Diarthes a7 4.5 0.9 =0.147

* A positive change indicates an improvement in globa | healih statuys and Tuncional seales
aucl a negative change ndicates an mproverment i svmptem and single itom seales,
Flhissed ana mixed analysiz-olcovariance model with visil us g lxed ellecl, patient us o
ramclom ffeet anc bascline as a covariate,
Relationship Between FACT -l atigne Quality of Lile and
Intravascular Hemolysis

In order 1o determine if there was a treatment independent
relationship between the FACTT-Fatigne quality of life
instrument and intravascular hemolysis. an analysis was
perlormed whereby the mean 11 level (through the 26
woeek study period) for cach TRIUMPI patient was ana-
Ivzed as a function of the patient’s respective mean change
i1 FACTT-Fatigue score from baseline (through the 26 week
study period) (see Table 3). Lior this analysis, mean levels ol
LD were divided inte 4 groups that included: normal
levels. 1-2 times the upper limit of normal {ULN}. 2-10
times the upper limit of normal, and greater than 10 times the
vpper limit of normal. The analysis demonstrated that
patients who maintained normal LDH levels throughout the
study experienced signilicant improvements in fatigue when
compared 1o patients who had incrementally higher levels ol
LDH throughout the study (p 0.0048). These data establish
a clear link berween increasing intravascular hemolysis as
measured by LDH levels and decreased quality of life as
measured by the FACTT=Fatigue quality ol lile instrument.

TABLE 3

Rilationship betwern FACT I Vatipue and Intravasenlar Hemalvsis

Change ol FACTT

Treal ment. e Baseline

Ciranp [I3H Calcgory =4 =d P Vilne
Combinad Narmil O (B9 23%) D048
1-2 x ULN L (38.40%)
2-100 = LN L& (72.00%) 7 (28.00%)
=100 UL 16 (B0.00%) 4 (20000%)
Salety

There were no deaths in the study. Scrious adverse evenls
(SAEs) were reported for 13 patients, of which 4 occurred
in the eculizumab-treated cohort and 2 were in the placebo-
treated cohort (see Table 43, All patients recovered without
soquelac.

The most common Alls reporied lor ceulivumab-treated
patients were headache, nasopharvogitis, back pain, and
upper respiratory tract infection. Headache and back pain
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occurred more commonly in the eculizumab-treatment
group compared with the placebo group. Iowever. the
increase in headaches was limited Lo (he first 2 weeks ol
therapy and was mild 10 moderate. There were no stalisti-
cally significant differences in incidents rates between treat-
ment groups for any AEs reported.

One episode of thrombosis (Budd-Chiari) occurred m a
placcho-treated patient. There were no thromboses i ceu-
lizumab-treated patients.

Only one patient showed a deleclable level ol anti-
eculizumab antibodies in the eculizumab-treated cohort; this
response was weall (did not titrate), occurred at only one
time point and did not result in a disruption of complement
blockade.

TARBLL 4

Ailverice Fvenl Reporting

.

Eculiziumab
Palienz
1 percent)

Placebo
Palicnz
1 i percent}

SHRIOUS ADVIEREDN EVENTS®

Tatal a9 (20.5) 4 (9.3)
Tieulinrmah treatment, ernergent.

Exacerbation of PNIL 36 L i2.3;
Renal colic 0 L 23
Lumbar sacral dise pralapse Q L i2.3;
Alpha streptococeal bacteremia Q L i2.3;
Ceniral line inleetion and 12711 125 0 (0)
Upper respiratary tract infection 1423 LA
Probuhle viral inlietion 125 0 (0)
Nunlrapenis 125 0 (0)
Cellulitis/falliculitis: 1423 LA
neuiropenia

Anemia and pyrexia 1423 LA

MOST FREQUENT ADVERSE

Hueadachey 12 {27.3) 192 1,
Nisopharyngilis B [Tis
Upper respiratary tract infection 104227 &

Buck pain 4.{9.0 L}
Nausesn 5114 7

Cough 4 9.1} 50
Diwrhes 5L EN
Authralpia 5 (1L40 30
Abdaminal pain 5114 20
Diwviness 50l114) 20
Venuting 5 11L4) 20
Faligne 125 50
Wiral infeetion 50l114) L

By preforred tomms
Feewnring in 1% or move ol palients
SSixnteen of 1% paticuts cxpericneed heacdachs within 48 heurs of infusicn

fFalleswing the first 2 weclks of dosing, 2009% of conlizumalb- and 22.7% of placche-
Tredled patients experienced headuche

DISCTUSSION

Chronic intravaseular hemolysis with periods of acute
cxacerbation are the classical manifestations o PNIL [re-
quently resulling in anemia. the need for transfusions 1o
sustain hemoglobin levels, and deterioration in quality ol
life. In the phase IIT pivotal TRIUMDPH study, we examined
the effect of terminal complement inhibition with eculi-
sumab on hemoglobin levels and transfusion requircments
in patients with PNIL Vorly-nine pereent of patients (reated
with cculizwmab over the 6-month period demonstrated
stabilization of hemoglobin in the absence of transtusions
compared to no patients in the placebo arm of the 1rial. Over
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50% of eculizimab-treated patients were transtusion inde-
pendent during the entire study compared 1o none in the
placebe arm. and the overall mean translfusion rale was
reduced by 73%,. Morcover, even in palients who did not
achieve transtusion independence, eculizumalb treatment
was associated with a 44%. reduction in the rate of trans-
[usion {data now shown).

| actale dehydrogenase. a biochemical marker ol hemoly-
sis in PNH,” was immediately and consistently decreased in
all eculizumab-treated patients, while patients in the placebo
cohort continved 1o hemolyze with levels ot LDH exceeding
5 times the upper limil of the normal range in all paticnts at
the study end. Levels ol T.DI] were reduced into the normal
range in approximately ope-third of eculizumab-treated
patients, while the remainder stabilized at a level just above
the upper limit of normal suggesting residual low level
hemolysis in some patients. |evels of haploglobin, a more
sensitive marker ol the presence ol edll [ree hemoglobin in
the circulation, were undetectable in most patients. Low

level hemolysis in a subset of eculizumab-treated patients is 2

possibly due to an inherent decrease in survival of these cells
or C3bh-medialed, extravascular clearance ol PNI erythro-
cytes through the reticuloendothelial svstem.'”

Betore eculizumab treatment, hemoglobin levels in stdy
patients were artificially maintained by frequent transfusion.
Therelore, stabilization ol hemoglobin levels with a con-
comilant cessation of or reduction in translfusions represents
a het increase 10 endogenous hemoglobin levels, Our data
suggest that resolution of hemolysis with eculizumab results
in & new sleady stale hemoglobin level determined by a
halance belween the extent ol the underlying bonme marrow
dyslunction. the number ol PNIT erythrocyles (hat are pre-
served by eculizumab therapy and the new level (if any) of
transtusion requirement.

Patients  with  PNII
impaired quality ol life characterized by laligue, anemia.
thrombosis, and pulmonary hypertension as well as smooth
musele dvstonia including abdominal pain, dysphagia, and
erectile dysfunction.™'® These symptoms have been
allributed o both excessive intravascular hemolysis and
downstream scavenging of nitric oxide by cell free hemo-
globin in plasma. The redvction of intravascular hemolysis
i1 eculizumab-treated patients in the current study was
associated with significant improvements in the fatigue
component ol quality ol lile relative 1o placebo-treated
patients as assessed via the FPACH=Fatigue instrument. lur-
ther, eculizumab therapy was associated with a median
increase of 6.4 points over baseline values established before
treatment. 0 has previously been demonstrated  that an

increase of 3 or more points [rom bascline represenls a s

clinically important difference in this quality ol lile instru-
ment."” Patients who received eculizumab also experienced
a significant improvement in most domains of the EORTC
QI.0)-30 relative to the placebo-trealed cohort including

global health status, physical [uncltioning. emotional func- s

Tioning, cognitive funetioning, role functioning, social fune-
tioning, fatigue, pain, dvspoea, appetite loss, and insomania.
Improvement in the fatigue component of the EORTC
QI.0)-30 provides support lor the improvement demon-
strated in the FPACT [=Fatigue instrument during eculivumab
therapy. Importantly, these improvements in quality of lite in
the eculizumab-treated patients oceurred despite similar
levels of erythrocyle hemoglobin in the two  reatment
groups, lurther supporting the contribution of hemolysis per
se. as opposed o anemia. In mediating the poor quality ol
life in PNH patients. Clinical assessment of additional life
quality-related svmptoms of PNH, including abdominal

generally  cxperience markedly 3
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pain, dvsphagia, and erectile dysfunction, have also been
reported 1o improve during ceulizumab therapy.™”

Lculizumab was sale and well-lolerated. There were ne
deaths in the study and only a single thrombolic event which
occurred in a placebo patient in a site (the hepatic veins)
which is typical ot the thrombosis in PNH. The relative briet’
duration of this stwdy was not sufficient to address the
relevant issuc of a possible protection from thrombosis by
lerminal complement inhibition with ceulizumab.

Adverse events wore generally mild with headache occur-
ring at increased frequency in the eculizimab-treated
patients; however, this increased frequency did not persist
following the first two doses of therapy. There were 4 SAEs
in the ceulizwmab (reatment group and 9 8SAlls in the
placebo group. There was no evidence ol increased infectlion
risk in ceulizumab-treated patients during the study period.
One eculizumab-treated patient showed a low level of
anti-eculizumab antibodies at one time point during the
study which did not persist and did not result in a disruption
ol complement blockade. There were no Alls associaled
with cculivumab withdrawal in the 2 cculivumab-treated
patients who did not complete the trial. Additional satety
assessments, as well as eflicacy measures, are being exam-
ined in an ongoing multi-center, open-label Phase I11 satety
trial ol cculizumab (SIIEPHIERDY in approximatlely 95
patients with PNIL

Results from the current randomized, double-blind, pla-
cebo-controlled, global study show that terminal comple-
ment inhibition with ceulizumab appears 1o be a sale and
cllective therapy lor patients with (he rare disorder PNIL
Treatment with ceulizumab reduced intravascular hemoly-
sis, and stabilized hemoglobin levels despite a reduction of
transfisions, to the point where most PNH patients were
rendered trans[usion independent. Substantial and clinically
meaningul improvements in Fatigue and other key quality of
lile parameters woere also demonstrated. All of the 83
patients who completed the study elected to receive eculi-
zumab in an open-label extension study and all currently
remain on drug. The results of the TRIUMPIT siudy indicate
thal lerminal complement inhibition with ceulizumab salely
and effectively addresses an important consequence of the
viderlying genetic defect in PNH hematopoietic stem cells
by providing a therapeutic replacement for the terminal
complement inhibitor deliciency.

The present invention provides among other things treat-
ment with an inhibitor of complement. Many variations of
the invention will become apparent to those skilled in the art
upon review ol this specilication. The [ull scope ol the
invention should be determined by relerence o the claims,
along with their [ull scope of equivalents. and the specili-
cation, along with such variations.

All publications and patents mentioned herein, including
those items listed below. are hereby incorporated by reler-
cnee in their entirely as il cach individual publication or
patent was specifically and individvally indicated to be
incorporated by reference. In case of conflict, the present
application, including any definitions herein, will control.
1. Takeda ). Miyala 1, Kawagoe K et al. Delicieney of the

GGPI anchor caused by a somatic mutation ol the PIG-A

gene in paroxysmal nocturnal hemoglobinuria. Cell 1993;

73:703-11
2. Bessler M, Mason P L Ilillmen P el al. Paroxysmal
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complete deficiency of 20-kilodalton homologous restric-



Us 10,590,189 B2

29
tion tactor (CD59) as a cauvse of paroxysmal nocturnal
hemoglobinuria. Nlingl J Med 1990; 323:1184-4.

4. Motoyama N. Okada N. Yamashina M, Okada [1. Parox-
ysmal noclurnal hemoglobinuria due o hereditary nucleo-
tide deletion in the HRF20 (CD59) gene. BEur J Immunol
1992; 22:2669-73,

5. Rollins S A, Sims P J. The complement-inhibitory activity

ol (71359 resides in ils capacily © block imcorporation ol

(9 inio membrane C5b-9. J Immunol 1990; 144:3478-83.

Sims P I, Rolling 8 A, Wicdmer I Regulatory control ol

complement on blood platelers. Modulation of platelet

procoagulant responses by a membrane inhibitor of the

C5b-9 complex. J Biol Chem 198%; 264:19228-33,

7. 8ims P I, Rolling 8§ AL Wicdmer 1. Regulatory control ol
complement on blood platelets. Modulation ol platelet
procoagulant responses by a membrane inhibilor ol the
C5b-9 complex. J Biol Chem 198%; 264:19228-33,

8. Wiedmer T, Hall S E, Ortel T L, Kane W H, Rosse W F,

6.

Sims P J. Complement-induced vesiculation and exposure 2

ol membrane prothrombinase sites in platelets ol parox-
ysmal nocturnal hemoglobinuria, Blood 1993; 82:1192-6.

9. Rother R B 13ell 1, [illmen P, (Gladwin M 1. The clinical
sequelae of infravascular hemolysis and extravascular
plasma hemoglobin: a novel mechanisim of human dis-
case. JAMA 2005; 293:1653-62.

10, Rosse W 1 Paroxysmal nocturmal hemoglobiruria. | loll-
man. New York: Churchill Livingstone, 2000: 331-342.

11. Thomas T C, Rollins S A, Rother R I et al. Inhibition of
complement activity by humanized antibody that binds
C5 and single-chain Fv, Mol Immunol 1996; 33:1389-
401.

12, Hillmen P Hall C. Marsh ) C et al. Tlleet ol ceulizumab

on hemolysis and transfusion requirements in patienis

with paroxysmal nocturnal hemoglobinuria. N Engl J
Med 2004; 350:332-0.

13. Yellen S B, Cella D F, Webster K, Blendowsld C, Kaplan
I:. Measuring latigue and other ancmia-relaled symploms
with the lunctional Assessment of Cancer  Therapy
(PACTY measurement system. J Pain S8ymptom Manage
1997; 13:63-74.

14. Aaronson N K, Ahmedzai S, Bergman B et al. The
European Organization for Research and Treatment of
Cancer QLLQ-C30: a quality-of-lile instrument [or use in
international clinical trials in oncology. J Natl Cancer Inst
1993; 85:365-76.

15. Cella D. Manual of the Functional Assessment of
Chronic Mness Therapy (UACHT) Measurement Sysiem.

Version 4. Center”™ on Ouicomes Rescarch and Dducation =

(CORIY Lvanston Northwestern |ealtheare and North-
western University, 1997,

16. Pavers I' M, Aaronson N K, Bjordal K et al. The EORTC
QIQ-C30 Scoring Manual (3rd 1idition). Brusscls: 1iuro-

pean Organisation [or Rescarch and Treatment of Cancer. s

2001,

17. Jasinsld M, Pantazopoulos D, Rother R T et al. A novel
mechanism of complement-independent clearance of red
cells deficient in glycosyl  phosphatidylinositol-linked
proteins. Blood 2004; 103:2827-34,

18. Hill A, Wang X, Sapstord R J et al. Nitric oxide
Consumption and Pulmonary Hypeension in Patients with
Paroxysmal Noclurnal [lemoglobinuria. 13lood 106[11].
2005, Rel Type: Abstract

19, Cella 12, Blon 121 Lai 18, Pelerman A TL Merkel 1) 1L
Combining anchor and distribution-based methods to
derive minimal clinically important differences on the

[

1

3l

40

45

.t

[i1¥]

G5

30

Functional Assessment of Cancer Therapy (FACT) ane-
mia and latigue scales. T Pain Symplom Manage 2002,
24:5347-61.

200 TH AL Rother R P, Hillmen P Improvement m the
symploms of smooth muscle dystonia during ceulivumab
therapy in paroxysmal nocturnal hemoglobinuria. | lac-

matologica 2003; 90:ECR40.

21. Parker C, Omine M, Richards S et al. Diagnosis and
management of paroxysmal nocturnal hemoglobinuria,
Blood 2005; 106:3699-709,

22, Hill A, Wang X, Sapsford R J et al. Nitric oxide
Consumption and Pulmomary | lyperlension in Paticnts.
with Paroxysmal Noclwnal [lemoglobinuria.  Blood

2005; 106:A1046.

23, Hill A, Rother R [, Hillmen P Improvement m the
syinptoms of smooth musele dystonia during eculizumab
therapy in paroxvsmal nocturnal hemoglobinura. Hae-
malologica 2005: 90:11CRA0.

24, Parker €. Omine M, Richards 8 et al. Diagnosis and
management ol paroxysmal noclurmal hemoglobinuria.

Bload 2005; 106:3699-709.

25 Hill A, Wang X, Sapsford R J et al. Nitric oxide
Consumption and Pulmonary Hypertension in Patients
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SEQUENCES
Eculizumab Vg

SEQ ID HS: 1
VLV GAEVEKPGRSWVEVS CHASGY IFSNYWIOWVREQAPGOGL EWIG
EILPGEGETEYTENFEDRV TMTRDTE TESTVYMELSSLESED TAVYYCAR
YFRESEPHWYFDVWEOGTLVTVESA
Eculizumab Heavy c<hain

SEQ ID MO. 2
VLV GAEVEKPGRSWVEVS CHASGY IFSNYWIOWVREQAPGOGL EWIG
EILPGEGETEYTENFEDRV TMTRDTE TESTVYMELSSLESED TAVYYCAR
YRR EPHWYFDVHWGEOGTLVTVE SAE THGPSVEFPLAPCSRETSES TAAL
GULVEDYFPEPVTVSWHNSGAL TS GVHTFPAVLOS SGLYSLESWVWVTVERES
NEGTQTYTCHWDHKP SN TEVDETVERECCVECPPCPAPPVRAGESVFLEE
PEPFDTLMISRETREV TCVVVIDYVSQED PEVOFNWY VDGVEVHHAKTEPRE
ECFHSTYREVYSVL TV LHCDW LG EEY KKV SHNKGLPSEIERTI SKAKGD
PREPCVYTLPRSQEEMTENOWVSLTCLVEGFYPED TAVEWE SNGOE ENITY
KTTPPYVLDESDGEFFLYSRLTVDESERQEGHNVE SCSWVMHEALHNHY TRES
LELELGEK
Eculizumab W

SEQ ID MO.: =2
MDMRVPAQLLGLLLLWLEGARCDICMTOSPESLEASVGDRVTITCGASE
HNIYEALNAYOOKPGRAPKLLI YEATH LADSVPSEFEGEGEETOFTLTIS
SLOPEDFATYYCONVIMNTPLTFIOGTIVEIKRT
Eculizumabk Light <hain

SEQ ID HO.: 4
DICMTOEPSSLEASVGDREVTITCGAS ENIYGALNWY QO PGEAPKLLIY

GATHLADGVPSEFSGEGSGTOFTLTISSLQPEDFATY Y CCHVLHNTELTE

GOGTEVEIKRTVAAPEVFIFPPEDEQLESGTASVVCLLNNFYPREAFNVD



31

-continued

Us 10,590,189 B2

Eculizumab CDEH3

WEVDHALOSGHNSOESYVTEQDS KD S TY S LSS TLTLEKRADYERHEVYACEY

THQGLS SPVTESFNRGEC

Eculizumal CDEHL

NYWIQ

Eculizumalk CDRHZ

YEFGSSPNWYFLY

Eculizumalk CDRL1

GASENIYEALN

SEQ ID HO: &5

Eculizumab CDRLZ

GATHLAD

Eculizumab CDEL3

SEQ ID HO: &

32

-continued

EEQ ID Ho: 7

SEQ ID HO: &8

EEQ ID HS: &

SEQ ID NO: 1o
EILPGEGSTEYTENFED QITVLHTPLT
SEQUENCE LISTING
«le0> NUMBER OF SEQ ID NOg: 1o
<Z1l0> EEQ ID HO 1
<211+- LEMNGTH: 123
<Z1Z> TYPE: PRET
<Z13»> ORGANISM: Artificial Secquence
«220= FEARTURE-
<Z23»> OTHER INFOEMATION: Descripticon of Artificial Sequence: Synthetic
polvpeptide
<400> SEQUENCE: 1
Gln val Sln Leu Val Sln Ser Gly &la Glu Val Lys Lys Pro 3ly Ala
1 5 10 15
Ser Val Lys Val Ser Cys Lys Ala Ser Gly Tyr Ile FPhe Ser Zsn Tyr
20 a5 240
Trp Ile Sln Trp Val &rg Sln Ala Pro Gly Gln Gly Leu 3lu Trp Met
35 40 45
Gly Slu Ile Leu Pro Sly Ser Gly Ser Thr Glu Tyr Thr Slu Zsn Phe
=] R 34
Lveg 2gp Zrg Val Thr Met Thr Arg Asp Thr Zer Thr Ser Thr Val Tvr
15 70 75 a0
Met Glu Leu Ser Ser Leu Zrg Ser Glu Agp Thr Ala Val Tvr Tvr Cve
=13 50 a5
Ala Rrgy Tvr Phe Phe Gly Ser Fer Pro Aszn Trp Tvr Phe 2ap Val Trp
lo0 105 110
Gly Gln Gly Thr Leuw Yal Thr Val Ser Zer Ala
118 120
<Z1l0> SEQ ID HO 2
<211+> LENGTH: 443
<Z1Z> TYPE: PRET
<Z13»> ORGANISM: Artificial Secquence
«220= FEARTURE-
<Z23»> OTHER INFOEMATION: Descripticon of Artificial Sequence: Synthetic
polvpeptide
<400> SEQUENCE: 2
Gln Yal @Gln Leu Val Gln Ser Gly Ala Glu WVal Lyva Lvs Pro Gly Rla
1 5 10 15
Ser Val Lve Val Ser Cyeg Lya Ala Ser Gly Tvr Ile Phe Ser Ean Tvr
Z0 25 20
Trp Ile @Gln Trp Val 2rg Gln Ala Pre Gly Gln Gly Leu Glu Trp Met
is 40 45
Gly Glu Ile Leu Pro Gly Ser Gly Ser Thr Glu Tyr Thr @Glu 2an Phe
[=1a) EE 60
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-continued

Gly

Ser

wal

Cys

225

wal

Thr

Glu

Lya

Ser

205

Ile

Fro

Leu

Leu

<210
<21l=
<212
<213
<2Z0=

Glu

Gln

Wal

120

Ala

Ser

Wwal

Fro

2140

Wwal

Fhe

Pro

Wal

Thr

290

Wal

Ser

Fro

Wwal

370

Gly

Aap

Trp

Hisa

Leu

Tyr

Gly

115

Phe

Leu

Trp

Leu

Ser

195

Fro

Glu

Leu

Glu

Gln

275

Leu

Lys

Ser

355

Lys

Gln

Gly

Gln

Aan
435

Wwal

Ser

Fhe

100

Thr

Pro

Gly

Gln
180

Eer I

Eer I

Cys

Fhe

Wal

260

Phe

Pro

Thr

Wwal

Ela

40

Gln

Gly

Fro

Ser

Glu
4z0

Hisa

Thr

Ser

35

Phe

Leu

Leu

Ser
1&6

Ser

Fro

Fro

245

Thr

Ean

Ery

'\Ial

Ser

3ZE

Lys

Glu

Phe

dlu 2

Fhe
445

Gly

SEQ ID No 3
LENZSTH:
TYPE: PRT
CRGENISM: Rrtificial Pegquence
FEATURE :

1z1

Met
70

Leu &

a3ly

'\Ial

Ela

Leu

10

Gly

Ser

Phe

Thr

Fro

230

Fro

Trp

Glu

Leu
310

i
&}
fal

a3ly

Glu

Ean

Thr

Thr

Ser

Thr

Fro

125

'\Ial

Ela

a3ly

a3ly

215

Cys

'\Ial

Tvr

Glu

2958

Hig

3ln

Met

: Leu

'\Ial

Gln

Ser

Ser

'\Ia l

120

Cye

Lye

Leu

Leu

Thr

Z00

val

Fro

Fro

'\Ia l

'\Ia l

Za0

Gln

Gln

Gly

Fro

Thr

260

Ser

Tvr

Fhe

Lye
440

Glu

Fro

105

der

der

Eep

Thr

Tvr
18&8

Gln

'\Ial
2685

Eep

Fhe

Eep

Leu

Arg
245

der

der
425

der

Thr

Asp
a0

der

Eryg

Ser

Thr

Fro

Gly
Een
Trp
Fro

220

Glu

Ile
Thr
Eryg
4140

Cye

Leu

Ser

75

Thr

Trp

Ela

der

Fhe

185

Leu

Tvr

Thr

Pro

235

Thr

'\Ia 1

'\Ia 1

der

Leu

215

Ser

Pro

Gln

zla

Thr

385

Leu

der

der

Thr

Tvr

Ser

Thr

140

Pro

Wal

Ser

Thr

wal

220

wal

Leu

Ser

Glu

Thr

00

Ser

Gln

wal

wal

380

Fro

Thr

Wal

Leu

Ser

wal

Phe &

Thr

125

Ser

Glu

Hism

Ser

Cys

Glu &

M=t

Gln

Wal

285

Tvyr

Gly

Ile

wal

Ser

385

Glu

Fro

Wal

=t

Ser
445

Thr

Tyr

Glu

Pro

Thr

Gly

Ile

Glu

274

Hisa

Glu

Tyr

2RO

Leu

Trp

Wwal

Aap

Hisa

430

Leu

Wwal

Tyr

o5

Wwal

Gly

Ser

Wal

Phe

175

Wwal

Wwal

Fro

Ser
255

Glu

Lys

Thr

Thr

Glu

Leu

Lva

415

Glu

Gly

Tyr

24

Trp

Pro

Thr

Thr

&0

Pro

Thr

Pro

Tvr
3Z0
Thr

Leu

Ser

Asp

Ser
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-continued

<223

polypeptide

<400 SEQUENCE:

=t
1
Leu

Leu

Glu

Ile

wal

Lya

<210=
<21l=
<212
<213=
<220
<223

Aap

Arg

Ser A

ESer A

Ser

Leu A

Arg
130

et

Gly

Ser

Thr

Arg

Ala

20

Ser

Tyr

Leu

Fhe

Leu

100

Thr

2
'\Ial

)

Ery

'\Ial

a3ly

Leu

Ser

35

3ln

Fro

SEQ ID NG 4
LENGTH:
TYPE: PRT
ORGBANISM: Artificial Sequence
FEATURE:
OTHERE INFORMATION: Degeription of

Z14

polypeptide

400> SEQUENCE:

Agp

1

Agp

Leu

Tvr

Ser

Glu

Thr

Pro

Thr

Lya
145

Glu

Ser

Ile

Gly

Gly

Fhe

Ser

Ala

120

Wal

Ser

Thr

Gln

Wal

Ser

Fhe

Gly

Wal

115

Ser

Gln

Wal

Leu

et

Thr
20

Tyr

Thr :

Gly

Ela

Gln

100

Phe

Wal

Trp

Thr

Thr
130

4

Thr

)

Ile

3ln

i
&}
fal

Thr

Thr

35

a3ly

Ile

'\Ial

Glu
185

Leu

OTHEE INFORMATION:

Fro

Ile
740
a3ly

Fro

Leu

Gln

Thr

3ln

Leu

Zaop

Tyr

Thr

Fhe

'\Ial
150

Gln

Ser

Degceription of

Ela

Eap

Eap

Ser

G3lu 2

Thr

Ser

Tyr

Lys

Fro

Leu
125

Eap

Eap

Gln

Ile

Gly

Gly

Phe
120

Fro

Gly

Thr

val

Fro

120

Leu

Een

der

Ela

Leu

Gln

Z5

'\Ia l

Trp

zla

Ser

Phe

105

Gly

der

Ela

Z5

Gly

Gly

Leu

Gln

Glu

105

der

Een

Ela

Lye

Eep
185

Leu

1o

Mat

Thr

Tvr

Thr

Gly

a0

Gln

der
io

der

val

Thr

Asn

Ile

Eep

Een

Leu

Eep

170

Tvr

Ertificial Segquence:

Gly Leu Leu Leu Leu
Thr &ln Fer Pro Ser
3a

Ile Thr Cvya Gly Ala

45

dln Gln Lys Fro Gly
60

Zsn Leu &la Asp Gly

Phe Thr Leu
o5

Thr

HE]
5]
i

Thr Tyr Tyr Cys Gln
114

dly Thr Lys Val Glu
125

Ertificial Segquence:

Leu Ser Ala Ser
Glu Azn Ile Tyvr Glv
3a

Zla Pro Lys Leu Leu

45

Pro Ser Arg Phe sSer
60

Ile Ser Ser Leu Gln
75

Val Leu &sn Thr Pro
o5

Lys Arg Thr Val &la
114
Glu Gln Leu Lva Ser
125

Fhe Tyr Preo Arg Glu
1440

Gln Ser Gly Aan Ser
155

Zer Thr Tyr Ser Leu
175

Glu Lys His Lve WVal
144

Synthetic

Trp

Ser

Ser

Lys

Wwal

24

Thr

Ile

Synthetic

Gly

Ile
Gly
Fro

24

Leu

Gly

Gln
1&0

Ser
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37

-continued

2Ala Cvs Glu Wal Thr His Gln Gly Leu Ser Ser Pro Val Thr Lyvs Ser

195 Z00 205

Phe 2an Arg Gly Glu Cve
210

<210> SEC ID MC &

<211 LENGTH: &

<212» TYPE: FPET

<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:

<223 OTHERE INFOEMATICH: Description of Zrtificial Secuence:

peptide
<400> SECUENCE: &

Asn Tyr Trp Ile Gln
1 =

«210= SEQ ID NG &

<21l» LEMNITH: 17

<212» TYPE: FPET

<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:

<223 OTHERE INFOEMATICH: Description of Zrtificial Secuence:

peptide

<400 SEQUENCE: &

Synthetic

Synthetic

Glu Ile Leu Fro Gly Ser Sly Ser Thr Slu Tyr Thr Glu Asn Fhe Lys

1 =1 1o 15

ASp

«210= SEQ ID NG 7

«211= LEWNGTH: 13

<212» TYPE: FPET

<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:

<223 OTHERE INFOEMATICH: Description of Zrtificial Secuence:

peptide
<400 SEQUENCE: 7

Tyr Fhe FPhe Gly Ser Ser Pro &sn Trp Tvr Phe Asp Val
1 = 10

«210= SEQ ID NG g

<21l» LENITH: 11

<212» TYPE: FPET

<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:

<223 OTHER INFORMATION: Degcription of Rrrtificial Sequence:

peptide
<400 SEQUENCE: 3

Gly &la Ser Glu ZAsn Ile Tyr Gly Ala Leu &sn
1 = 10

«210= SEQ ID NG 2

«<211l» LEWNITH: 7

«212= TYPE: PRT

<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:

<223 OTHER INFORMATION: Degcription of Rrrtificial Sequence:

peptide
<400 SEQUENCE: 9

Gly &la Thr &Asn Leu &la Asp
1 =

Synthetic

Synthetic

Synthetic
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-continued
«210x SEQ ID Mo 140
<211l> LEWNITH: 9
«212» TYPE: PRT
<213 ORGRENISM. Rrtificial Sequence
<220» FEATURE:
<223 OTHER INFORMATION: Degcription of Rrtificial Sequence: Svnthetic
peptide
<400 SEQUENCE: 140

Gln 2an Val Leu Ran Thr Pro Leu Thr
1 |3

What is claimed is:

1. A method of treating a patient suffering from paroxys-
mal nocturnal hemoglobinuria (PN comprising adminis-
Lering 1o the patient a pharmaceutical composition compris-
g an antibody that binds C3, wherein the antibody
comprises g heavy chain consisting of SEQ ID NO: 2 and a
light chain consisting of SEQ ID NOx: 4, and wherein the
composilion comprises 4 single-unil dosage [orm compris-
ing 300 mg ol the antibody in 30 ml. ol a sterile. prescrva-
tive-free solution.

2. The method of claim 1, wherein the patient has received
at least four transfusions in the twelve months prior to
administration of the antibody.

3. The method ol claim 2. wherein the patient has a

platelet count greater than or equal to 100,000 per microliter

prior (o administration ol the antibody.

4. The method of claim 3, wherein the patient is treated
with the antibody for at least 26 weeks.

[
[y

5. A method of treating a patient suffering from paroxys-
mal nocturnal hemoglobinuria (PN comprising adminis-
lering to the palient a pharmaceutical composition compris-
ing an antibody that binds C5, wherein the antibody
comprises a heavy chain consisting of SEQ 1D NO: 2 and a

o light chain consisting of SEQ 11D NO: 4, wherein the

composilion compriscs a single-unit dosage [orm compris-
ing 300 mg of the antibody in 30 ml. of a sterile, preserva-
tive-free solution, and wherein the patient exhibits decreased
lactale dehydrogenase levels.

6. Themethod ol claim 5. wherein the patient has received
at least four transtusions in the twelve months prior 1o
administration of the antibody.

7. The method of claim 6, wherein the patient has a
platelet count greater than or equal to 100L000 per microliter
prior 10 administration of the antibody.

8. The method of claim 7, wherein the patient is treated
with the antibody for at least 26 weeks.



